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BMA400 - Basic Description 


12 bit, digital, triaxial acceleration sensor with smart on-chip motion and position-triggered interrupt 
features. 


Key features 


e Small package size 
LGA package (12 pins), footprint 2mm x 2mm, height 0.95 mm 
e Ultra-low power 
Low current consumption of data acquisition without 
compromising on performance (< 14.5 uA with highest 
performance) 
e Programmable functionality 
Acceleration ranges +29/+49/+89/+16¢ 
Low-pass filter bandwidths = 0.48*ODR 
up to a max. output data read out of 800Hz 
e On-chip FIFO 
Integrated FIFO on sensor with 1 KB 
e On-chip interrupt features 
Auto-low power/Auto wakeup 
Activity/In-activity 
Step Counter (overall device current consumption 4y/A) 
Activity Recognition (Walking, Running, Standing still) 
Orientation detection 
Tap/double tap 
e Digital interface 
SPI (4-wire, 3-wire), I?C, 2 interrupt pins 
Vopio voltage range: 1.2V to 3.6V 
e ROHS compliant, halogen-free 


Typical applications 


e Step Counting with ultra-low current consumption for extensive battery lifetime 

e Advanced system power management for mobile applications and (Smart) watches 

e Fitness applications / Activity Tracking 

e Tap / double tap sensing 

e Drop detection for warranty logging 

e Window/door measurements for climate control and alarm systems 

e loT applications powered by coin cell driven batteries, requiring <1uA and auto-wakeup 
functionality 
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1. Specification 


Unless stated otherwise, the given values are over lifetime, operating temperature and voltage ranges. 
Minimum/maximum values are +3o. 


Parameter Specification 


Parameter Symbol Condition Min Typ Max Units 
Acceleration SFS2¢ #2 g 
AAS SFS4g +4 g 
SFSs8g +8 g 
SFSiég +16 § 
Supply Voltage Vobp 1.72 1.8 3.6 V 
Internal Domains 
Supply Voltage VppI0 1.2 1.8 3.6 V 
0 Domain 
Voltage Input Vit SPI & I?C 0.3Vppi0 
Low Level 
Voltage Input VI SPI & I?C 0.7Vpbpi0 
High Level 
Voltage Output VoL Vopio=1.8V, loL=3mA, 0.2Vbbi0 
Low Level SPI 
Vopio=1.2V, lo-=3mA, 0.23Vbpi0 
SPI 
Voltage Output Vou Vopio=1.8V, loox=3mA, 0.8Vppi0 
High Level SPI 
Vopio=1.2V, 0.62Vppi0 
loH=3mA, SPI 
Total Supply Ipp Nominal VDD and 14.5 UA 
Current in VDDIO, 25°C, 
Normal mode OSR=3 
OSR=0 3.5 UA 
Total Supply IbDsum Nominal VDD and 160 nA 
Current in VDDIO, 25°C 
Sleep Mode 
Total Supply Ippip1 Nominal VDD and 850 nA 
Current in VDDIO, 25°C 
Low-power Mode 25 Hz ODR 
OSR=0 
Wake-Up Time tw_up From sleep to normal 2/ODR 
mode 
Power-Up Time ts_up Starting the device to 1 ms 
sleep mode 
Operating Ta -40 +85 Ae: 
Temperature 
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OUTPUT SIGNAL 


Parameter Symbol Condition Min Typ Max Units 
Sensitivity S2¢g 2Fs2g, 1a=25°C 1024 LSB/g 
S4g Srs4g, TaA=25°C 512 LSB/g 
Seg grssg, 1A=25°C 256 LSB/g 
S16g Srsieg, Ta=25°C 128 LSB/g 
Sensitivity nes Nominal Vpp and 0.025 %/K 
Temperature Drift VDDio, gFs4g 
Over life-time 
Zero-g Offset Off Nominal Vpp and 50 mg 


VDDio, 25°C, grs4ag 
Over life-time 


Zero-g Offset TCO Nominal Vpp and 1 meg/K 
Temperature Drift VDDio, gFs4g 
Over life-time 
Output Data Rate ODRnorm Normal mode 12.5 800 Hz 
ODR pm Low-power mode 25 Hz 
Bandwidth BW 3dB cutoff frequency 0.24 x 0.48 x Hz 
Hie is selectable in normal ODRworm ODRnorm 
mode 
Nonlinearity NL Nominal Vpp and 0.5 %FS 


VDDhio, 25°C, grs4g 


Typical Vop and VDDoo, 
normal mode, OSR=3 


O Noj (high performance) 180 yg/VHz 
Peano Pims 25°C, 4g (X,Y-Axis) 
y Typical Vpp and VDDio, 
normal mode, OSR=3 
(high performance) 240 yg/VHz 
25°C, 4g (Z-Axis) 
MECHANICAL CHARACTERISTICS 
Parameter Symbol Condition Min Typ Max Units 
Cross Axis S relative contribution 2 % 
Sensitivity between any two of 
the three axes 
Alignment Error Ea relative to package 0.5 . 
outline 
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2. Absolute maximum ratings 


Absolute maximum ratings 


Parameter Condition Min Max Units 

Voltage at Supply Pin Vopp Pin -0.3 3.6 V 
Vppio Pin -0.3 3.6 

Voltage at any Logic Pin Non-Supply Pin -0.3 Vppiot0.3, <4 

Passive Storage Temp. Range < 65% rel. H. -50 +150 ne 

Mechanical Shock Duration < 200us 10,000 g 
Duration < 1.0ms 2,000 g 
Free fall 1.8 m 
onto hard surfaces 

ESD HBM, at any Pin 2 kV 
CDM 500 V 
MM 200 V 


Note: 


Stress above these limits may cause damage to the device. Exceeding the specified electrical limits 
may affect the device reliability or cause malfunction. 
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3. Quick Start Guide 


The purpose of this chapter is to help developers who want to start working with the BMA400 by giving 
you some very basic hands-on application examples to get started. 


Note about using the BMA400: 


e The communication between application processor AP and BMA400 will happen either over I2C 
or SPI interface. For more information about the interfaces, read the related chapter 6. Digital 
Interfaces. 

e For information about connecting the BMA400 to the host (AP), read the related chapter 7. It 
describes Pin-out and Connection Diagrams. 


First application setup examples algorithms: 


After correct power up by setting the correct voltage to the power pins, the BMA400 enters 
automatically into the Power On Reset (POR) sequence, also called boot sequence. After having 
completed boot, the BMA400 enters sleep mode where it consumes 160nA. No data conversions 
happen in this phase, but register read-out and write is possible. Communication can start in 12C or 
SPI mode. The BMA400 automatically detects which format is used. When SPI format is used, the 
BMA400 switches to SPI4 mode and remains in this mode until reset. The switching to SPI requires to 
send the very first SPI packet twice: the first packet will be ignored by the BMA400. 

If SPI3 communication is desired, a write to register IF_CONF ( write_reg(IF_CONF, 0x01) ) switches 
the communication protocol to SPI3. 

In order to properly make use of the BMA400, certain steps from host processor side are needed. The 
most typical operations will be explained in the following application examples in form of flow- 
diagrams. 
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1. Example 1: Testing communication with the BMA400, switch to SPI communication, state 


data conversion, enable data ready interrupt and map it to INT1 pin 
-reading chip id (checking correct communication) using I2C or SPI 





SPI/I2C SPI/I2C 


SPI 
SPI4 


Yes 


communication: ERROR V 
communication: OK 





communication: ERROR 
\/ 





—switching from sleep to normal mode, then SPI3 mode, then enable data ready interrupt and 
map to pin int1 


SPI4 mile 
mode 

: Switch from sl d 
SPI4 | write reg(addr=0x19,val=0x02) ee ee 

\/ 

wait(1500us) 
¥ Switch from SPIl4 mode to 

SPI4 write_reg(addr=0x7C,val=0x01 ) SPI3 mode: IF_CONF 

v range=2g, osr=3 (high perf), 


V/ 
SPI3 | write_reg(addr=0x1B,val=0x04 Use acc_filt2 (100Hz fixed) as 
oi data source: ACC_CONFIG2 


V 


SPI3 | — write_reg(addr=0x1A,val=0x38) acc_odr=100Hz: 
ACC_CONFIG1 
(addr= ) 


Enable data ready interrupt: 


SPI3 write_reg(addr=0x1F,val=0x80) INT CONEIGO 
v . 
SPI3 | write_reg(addr=0x21,val=0x80) Hal ae caged to 
\/ 
Normal mode 


data conv enabled 
data ready int toi 
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-checking communication via chipid, check power mode, read acceleration data if not in sleep 
mode 


unknown 
mode 
\/ 


chipid = read_reg(0x00) 


\V/ 


chip_ID = 0x90 ? 


V/ 










sleep mode, no accel 
data available 


low power mode 


acc_data = read_reg_burst(0x08,6) air read 





registers 
in normal or low power 
mode, calculate X data 


X = acc_data(0) + 256*acc_data(1) 


if ( X>2047 ) X=X-4096 
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1. Example 3: Testing interrupt engine of BMA400 (example: inactivity interrupt) 
a. -performing reconfiguration sequence (interrupt feature: significant motion) 


all interrupts only available in 
Normal normal mode except wake-up, 
mode data ready 


u 


map geni interrupt to int1 pin 
write_reg(addr=0x21 ,0x04) interrupts are non-latched: if 
wiite_reg(addr=0x20,0x00) interrupt reason vanishes, int1 
is deasserted 


V/ 


write_reg(addr=0x24,0x02) Int1 pin interrupt = HIGH active 


Enable X,Y,Z axis, data 
v source = acc_filt2 (fixed 
write_reg(addr=0x3F ,OxFA) 100HZz), update 
reference every time, 
hysteresis= 48mg 


v Configure gen1 interrupt to 


write_reg(addr=0x40,0x01) inactivity (criterion=0), AND 
combination of all axes 


V 
write_reg(addr=0x41 ,0x10) set threshold: 8mg/LSB 

\/ 
write_reg(addr=0x42,0x00) set min. duration LSBs 
write_reg(addr=0x43,0xOf) to 15 ODR ticks 

_ Enable gen1 interrupt in normal 
write_reg(addr=0x1F,0x04) mode, mapped to int1 pin and 


configured as inactivity interrupt with 
15ODR ticks minimum duration 


\/ 


Shake sensor, int! should remain 
LOW. 


Put sensor on table and wait for the 
interrupt pin inti to get HIGH 
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Further steps: 
The BMA400 has many more capabilities that are described in this document and include FIFO, power 


saving modes, synchronization capabilities with host processor, data synchronization, many interrupts 
generation and more features like step counter, etc. 
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4. Functional Description 
4.1. Block Diagram 








acc_Osf acc_od r 


SENSOR DATA 
AND SENSORTIME 
REGISTER DIGITAL 


INTERFACE 


inismupenan =i. | 
acc_filt1: 12.5Hz to 800 Hz 


acc_filt2: fixed to 100Hz 


DIGITAL SIGNAL 
FILTERING 
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4.2. Supply Voltage and Power Management 
BMA400 has two distinct power supply pins: 


e VDD is the main power supply. 
e VDDIO is a separate power supply pin used for supplying power for the digital communication 
interface. 


There are no limitations with respect to the voltage level applied to the VDD and VDDIO pins, as long 
as it lies within the respective operating range. Furthermore, the device can be completely switched off 
(VDD=0V) while keeping the VDDIO supply within operating range or vice versa. However if the 
VDDIO supply is switched off, all interface pins (CSB, SDX, SCX) must be kept close to GNDIO 
potential. No constraints exist for the minimum slew-rate of the voltage applied to the VDD and VDDIO 
pins. 
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4.3. Power Modes - performance modes 


The power mode and all major settings affecting performance, current consumption, noise and output 
data rate are controlled in registers ACC_CONFIGO, ACC_CONFIG1 and ACC_CONFIG2. 
The BMA400 knows three power modes: sleep mode, low-power mode and normal mode. 


power 
OFF 


VDD supply rising 


boot 
seq. 


serial interface command serial interface command 







auto-wake-up: 
- activity detection 
- time-out 







auto-low-power: 
- no activity detection 

- after first measurement 
- timeout 







serial interface command 


In sleep mode, current consumption is 200nA, and data conversions are stopped as well as 
sensortime functionality. 


In low power mode, data conversion runs with a fixed rate of 25Hz, and performance can be 
controlled via ACC_CONFIG0.osr_lIp setting. Current consumption ranges between 800 nA and 1200 
nA depending on performance setting. The low power mode should be mainly used in combination 
with activity detection as self wake-up mode. In this use case, 800 nA are sufficient. 


In normal mode, output data rates between 800Hz and 12.5Hz can be configured using the registers 
ACC_CONFIG1.acc_odr and ACC_CONFIG1.osr. The noise density performance of the BMA400 is 
mainly determined by ACC_CONFIG1.osr. The RMS noise and the resulting current consumption of 
the device is influenced by ACC_CONFIG1.acc_odr and ACC_CONFIG1.osr. 


In all three power modes both register contents and FIFO contents are retained. FIFO readout and 
flushing can be done in normal and low power mode. The FIFO is written only in normal mode. 
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ACC_CONFIGO. Waser Details 
power_mode<1:0> : 


b00 Sleep mode 


b11 (default state after power-up and 
after reset) 


No sensortime. No FIFO read, no data 
conversions. Register and FIFO content 
retained, registers readable and writeable. 


Data conversion at 25Hz fixed. Noise 
performance and current consumption tunable 
by ACC_CONFIG0.osr_Ip setting. 

Auto wake-up function using wake-up interrupt 
or timer to switch automatically into normal 
mode. FIFO read is supported. No FIFO write. 


b0O1 Low-power mode 


Data conversion configurable between 800Hz 

and 12.5Hz. Noise performance and current 

consumption tunable by ACC_CONFIG1.osr. 

FIFO read and write 
All interrupts available 
Auto-low-power function using generic interrupt 
1 or timer to switch automatically into low-power 
mode. 


b10 Normal mode 
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Current consumption (uA) in normal mode and low-power mode 


ACC_CONFIG1.osr / 
ACC_CONFIG0.osr_Ip 


11 10 01 00 


Normal mode 
ACC_CONFIGO. 14.5 9.5 5.8 3.0 
power_mode<1i1:0> = b10 
Low-power mode 
ACC_CONFIGO. 1.35 1.1 0.93 0.85 
power_mode<1i1:0> = b01 


Noise performace (rms in mg) in normal mode and low-power mode in 4g 
range (x and y axes are shown, Z-axis is 1.45 x higher ) 
ACC_CONFIG1.osr / 
ACC_CONFIG0.osr_Ip 


ODR [Hz] 11 10 01 00 
g00 = 4.23—Ss«5.9 7.39 10.24 
400 =: 2.98 ~— 3.89 5.23 = 7.24 
RE EEE 2002.11 2.74 3.70 5.13 
eee 61%) is0 (1.93 261 3.63 
50 1.05 1.38 184 2.55 
25 0.74 0.97 131 1.81 
125 0.54 0.68 0.92 1.29 
Low-power mode 
ACC_CONFIGO. - 3.92 5.53 7.75 10.96 


power_mode<1i1:0> = b01 
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Auto wake-up 


The auto-wakeup function is part of the power management concept of the BMA400. If the wakeup 
function (only available in low-power mode) changes the power mode to “normal”, the host processor 
can be notified by an interrupt. This is called “wakeup interrupt’, thus, the two topics “auto wakeup” 
and “wakeup interrupt” are handled together in this chapter. 
The transition from Low-power to Normal mode is named “wake-up”. 
Switching into Normal mode from Low-power mode can be explicitly triggered by a serial interface 
command. This can also be done automatically by using the auto wakeup function. 
Auto wakeup can be either timer triggered or activity triggered. Each selected condition is independent 
and can be used as wake-up condition. In case more than one condition is selected, the first occurred 
condition sets the BMA400 into normal mode. 
The three possible triggers for wake-up from low-power mode are: 

- by serial command 

- by timeout 

- by wake-up interrupt on activity 





auto-wakeup 
condition 





Sl command 


timeout interrupt 


AUTOWAKEUP_1.wkup_timeout switch to normal mode 


wakeup interrupt 
AUTOWAKEUP_1.wkup int 


Wakeup by timeout 
The source condition wkup_ timeout (enabling bit) and the timeout counter threshold value 
AUTOWAKEUP(0/1).wakeup_timeout_thres is configured in register AUTOWAKEUP_ (0/1). 


The wakeup_timeout_thres has 12bits for configuration of counter duration, with a resolution of 
2.5ms/LSB. The maximum timeout for wake-up is 10.24s (4096*2.5ms). 


t sett 
state Pen 
aan a 
> a 
wakeup_timeout a \ ; —- wakeup_timeout 
mode time 
normal mode normal mode normal mode 

event time 

low power wake-up low power wake-up 

mode set timeout mode set timeout 


time 
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Wake-up interrupt on activity 

In low-power mode BMA400 wake-up interrupt is triggered, if the conditions as defined by the 
configuration registers are fulfilled. This function is always on in low power mode, and can be mapped 
to interrupt pin. The wake-up can be used for auto wake-up of BMA400 to normal mode and/or the 
wake-up of the external MCU by mapping the interrupt to the interrupt pin. 

The wake-up interrupt function evaluates acceleration data and is set as soon as the value of the 
sampled data exceeds the preconfigured acceleration threshold. The comparison of the current 
acceleration value with a reference is configurable between relative reference (last sampled value 
stored in the register) and absolute reference (the reference values are set once and not changing 
after each acceleration conversion). The delay between two data conversions is 40ms (25Hz 
conversion ODR in Low-power). 

The auto wake-up by wakeup interrupt on activity is activated by setting AUTOWAKEUP_1.wkup_int 
bit. The wakeup status is available in INT _STATO.wkup_ int. 

When woken up, an interrupt can be generated and mapped to the interrupt pins. 


The wake-up interrupt function supports following configurations: 


e Selectable axis for wake-up: the wake-up interrupt function supports independent 
activation/deactivation of each acceleration axis for function evaluation. This is performed by 
setting the bits WKUP_INT_CONGIFO.wkup_X/Y/Z_en accordingly. 


e Reference update mode (configured by setting WKUP_INT_CONFIGO.wkup_refu) 


wkup_refu<1:0> description of wake-up interrupt references update mode 


b00 manual update 
The references (int_wkup_refX/Y/Z) are not updated automatically, 
they shall be set manually by user in low-power mode. 


bO1 one time 
The references is updated every time at entering low power mode. The 
first measured acceleration in Low-power mode is used as reference. 


b10 or b11 every time 


The reference is updated every time after the acceleration conversion 
in low-power mode 


The reference values are 8-bit signed values. The activity measurement takes the upper 8 
bits of the acceleration value and compares against the reference 
WKUP_INT_CONFIG[2-4].int_wkup_ref[x,y,z]. 


e Threshold for activity detection: the threshold for activity detection (comparison of the difference 
between the measured acceleration data and reference acceleration data) has 8-bit resolution, 
corresponding to the upper 8 bits of the absolute value of the 12bit acceleration, 
WKUP_INT_CONFIG1.int_wkup_thres. 


e Number of samples for decision: the number of samples for wake-up decision is configured 


between 1 and 8 by the register WKUP_INT_CONFIGO. num_of_samples (number of samples 
is the register value + 1). 
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The condition for activity-driven automatic wake-up from low-power is (assuming all 3 axes are enabled): 
( abs(a_x-ref_x) > thresh_x ) OR ( abs(a_y-ref_y) > thresh_y ) OR( abs(a_z-ref_z) > thresh_z ) 
This condition must persist for WKUP_INT_CONFIGO. num_of_samples data samples. 


The wake-up on activty is illustrated in the following picture 


Acceleration 
THRES 
” a a i eC 
REF Se Nee ef oe =— oe 
~THRES — —— — —_ — os ey _ — — 
oe time 
sensor sampling event >| le t_sompiing_rate 
> ¢ @¢ © FF ORF 9? F 
time 
events 
wake-up Inactivity 
interrupt | interrupt 
;' > time 
Low-power mode Normal mode _ Low-power mode 








Wake-up interrupts can be used latched and non-latched (see chapter 0). Latched and non-latched 
behavior is shown below. 


Wakeup latched interrupt 


Power mode 


Interrupt set by int. engine f | . | 
Interrupt clear by int. engine f | f | 
Wakeup interrupt condition | ee | a Se) 
INTpad(ifmapped) ff 
INTSTATOWkup fi Nf 
Read register 


Pin == INT_STATO.wkup. INT_STATO cleared by read 





Wakeup non-latched interrupt 





Power mode 


Interrupt set by int. engine f | f | 
Interrupt clear by int. engine f | f | f | 
Wakeup interruptcondition ff Ne 
INTpad(ifmapped) fff NL 
INT_STATO.wkup Se) ee ae eS Se 


Pin and INT_STATO.wkup == interrupt condition. Interrupt evaluated in low-power mode only. Read INT_STATO has no effect 
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Auto low-power mode 


Power mode can be changed from Normal to Low-power mode through a Serial interface command. 
Itis also possible to change automatically (without a serial command) from normal mode to low-power 
mode, which is called auto low-power. 


The following timed and non-timed triggers are supported for automatic switching from Normal mode 
to Low-power mode: 
¢ First data ready: (AUTOLOWPOW_1.auto_lIp_ timeout =b00) 
If AUTOLOWPOW_1.drdy = ‘1’, BMA400 is set into low-power mode when new data 
calculation is finished. 
¢ Generic interrupt 1: (AUTOLOWPOW_1.auto_lp_ timeout =b00) 
lf AUTOLOWPOW_1.gen1_int = ‘1’, BMA400 is set into Low-power mode as soon as 
the Generic interrupt 1 is detected. (see chapter 4.7) 


¢ low_power_timeout (AUTOLOWPOW_1.auto_lp_ timeout =b01): the sensor is set into 
low-power mode as soon the timeout counter reaches 
AUTOLOWPOW_1.auto_lp_timeout_thres. The auto-low-power timeout counter is 12 
bits wide and is incremented every 2.5ms. 

¢ low_power_timeout with counter reset on activity detected 
(AUTOLOWPOW_1.auto_lp_timeout =b10,b11): the timeout counter is restarted in 


case generic interrupt 2 (see chapter 4.7) is asserted. 

The sensor is set into low-power mode when finally the timeout counter reaches 
AUTOLOWPOW_1.auto_lp_timeout_thres. The auto-low-power timeout counter is 12 
bits wide and is incremented every 2.5ms. 


The timed timeout trigger can be configured by setting AUTOLOWPOW_1.auto_lIp_ timeout bits in 
register according to the table below. 


AUTOLOWPOW_1.auto_Ip_ti Description 
meout<1:0> 
b00O timeout disabled, use either AUTOLOWPOW_1.drdy or 
AUTOLOWPOW_1.gen1_int to switch automatically into low-power 
mode 
b01 timeout active, BMA400 switching into low-power mode as soon as 


timeout counter reaches AUTOLOWPOW_1.auto_lp_timeout_thres 


b1i0 or b11 Low-power timeout active, timeout counter resets on activity detection 


Multiple selections of auto-low-power conditions are supported. Any selected condition switches the 
device into low-power mode (OR condition). The logical connection of the auto-low-power conditions 
is shown in the picture below. 
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AUTOLOWPOW1L.drdy 


INT_STAT@.drdy int 


AUTOLOWPOWL.genl_int 


INT_STAT@. genl_int 
AUTOLOWPOW1.auto_Ip_timeout_thres 


counter 
AUTOLOWPOWL.auto_Ip timeout 


OR reset 
AUTOLOWPOW1.auto_Ip timeout @b1ix & INT_STAT@.gen2_int 


AGG 


OR 


STATUS. .power_mode == @b1@E 





enter low-power mode 


ACC_CONFIG@. low_power_mode == @x@1 


Modifications reserved | Data subject to change without notice Document number: BST-BMA400-DS000-02 | Revision_1.1_072018 


sos PP —‘“‘(C™sCi*éC*C*C*C*C(C(#C#C#C#CO 
Bosch Sensortec | BMA400 Data sheet 27 |126 


4.4. Sensor Data 
Acceleration Data 


The width of acceleration data is 12 bits given in two's complement representation in the registers 
0x04 to 0x09 (ACC_X_LSB, ACC_X_MSB, ACC_Y_LSB, ACC_Y_MSB, ACC_Z_ LSB, ACC_Z MSB). 
The 12 bits for each axis are split into an MSB upper part (4 bit) and an LSB lower part (8 bit). 

In order to ensure the integrity of the acceleration data read, the content of all data registers must be 
read in a single burst read, since these registers are write-protected during a read access. As soon as 
the burst read is finished the register content will be updated if new data are available. 


Filter Configuration 


Two major filter paths are implemented, see block diagram. Filter output can either be fed into the data 
registers, into the FIFO, or used to process interrupts in the interrupt engine. This is selectable by 
customer. 


Filter1 (acc_filt1) has a data rate between 800Hz and 12.5Hz, controlled by ACC_CONFIGO.acc_odr. 
Its bandwidth can be configured additionally by ACC_CONFIGO.filt1_ bw: 

e ACC_CONFIGO.filt1 bw = 0x0 30.48 x ODR 

e ACC_CONFIGO.filt1 bw = 0x1 30.24 x ODR 


ACC_CONFIG0.acc_odr <3:0> Output Data Rate [Hz] 
OxB .. OXF 800 
OxA 400 
0x9 200 
0x8 100 
Ox/ 50 
Ox6 25 
0x0 .. Ox5 12.5 


Filter2 (acc_filt2) has a fixed data rate of 100 Hz. 

In addition, these 100 Hz data of filter2 can be used by a low pass filter (acc_filt_lp) with a bandwidth 
of 1 Hz. The output data rate will stay at 100 Hz. This data can be used as input for the data registers 
and also in the interrupt engine. Access via FIFO is not possible. 


ACC_CONFIG2.data_src_reg<1:0> Filter output going into data registers (not FIFO!) 
0x0,0x3 acc_filt1(selectable ODR) 
Ox01 acc_filt2 (100Hz ODR) 
0x02 acc_filt_lp (1 Hz BW, 100 Hz ODR) 
FIFO_CONFIGO.fifo_data_src Filter output going into FIFO 
0x0 acc_filt1(selectable ODR) 
Ox1 acc_filt2 (100Hz ODR) 


In low-power mode, only data at 25Hz ODR is available. Depending on the setting of 
ACC_CONFIG0.osr_lp, noise and current consumption is controllable. 
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G-range selection 


The measurement g-range can be selected between 2g and 16g. It can be configured 
ACC_CONFIG1.acc_range. 


ACC_CONFIG1.acc_range<1:0> Selected g-range 


11 16g 
10 8g 
O1 4g 
00 2g 


Data Ready Interrupt 


This interrupt fires whenever a new data sample set is complete. This allows a low latency data 
readout. In non-latched mode, the interrupt and the flag in Register INT_STATO are cleared 
automatically after 1/(1600HZz). If this automatic clearance is unwanted, latched-mode can be used. 
In order to enable/use the data ready interrupt map it on the desired interrupt pin via INT1_MAP or 
INT2_ MAP. 


Temperature Sensor 


The temperature sensor has 8 bits resolution. The temperature value is defined in Register 
TEMP_DATA and updated every 160ms. 


Itis always on when the sensor is active (in normal and in low-power mode, not in sleep mode). 


Value Temperature 
Ox7F 87.5 °C 
0x02 2526 

0x80 -40.0 °C 


The temperature sensor is calibrated with a precision of +/-5°C. 
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Sensor Time 


The BMA400 has an integrated sensor timer. The sensor time can be used for synchronization 
purposes between the external MCU and the sensor. 

The sensor timer counts the clock cycles generated by the system clock which is always running in 
low-power and normal modes. Sensor timer is inactive in sleep mode and reset when entering the 
sleep mode. Counter values are stored in registers SENSOR_TIME(0/1/2). 

The sensor timer has a resolution of 21 bits stored in 3 bytes. For compatibility with other sensors that 
use faster counters with 25.6 kHz, the lower three bits of the counter (sensor_time<2:0>) are always 0. 
Thus, the lowest significant bit of the counter is sensor_time<3>. 

After the timer has reached the maximum value, the counter resets to zero. 


Bit m in 23 22 21 ae 8 7 6 5 4 3 
sensor_time 
Resolution 327.68s 163.84s 81.92s ee 10 ms 5 ms 2.5 ms 1.250 ms 0.625 ms_ 0.3125 
ms 
Update rate 0.0031 0.0061 0.012 a 100 200 400 800 1600 3200 
[HZ] 


The sensortime is synchronized with the data capturing in the data register and the FIFO. The 
sensortime supports multiple seconds of sample counting and a sub-millisecond resolution. 


Burst reads on the registers SENSORTIME_0 to SENSORTIME_2 deliver always consistent values, 
i.e. the value of the register does not change during the burst read. 
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4.5. FIFO 
FIFO description 


Acceleration data are stored in a 1024Bytes FIFO. The FIFO is written only in normal mode. 
When FIFO_CONFI!G0.fifo_stop_on_full = ‘0’, the device is in stream mode. 
When FIFO_CONFIG0.fifo_stop_on_full = ‘1’, the device is in FIFO mode. 

e Stream mode: overwrites oldest data on FIFO full condition 

e FIFO full mode: discards newest data on FIFO full condition 


The FIFO depth is 1024 byte and supports the following interrupts: 
e FIFO full interrupt 
e FIFO watermark interrupt 


The data to be collected is defined through fifo_data_src, fifo_x_en, fifo_y_en and fifo_z_en bits. FIFO 
is disabled when no writing is defined; FIFO is therefore disabled when fifo_x_en='0, fifo_y_en='0’ 
and fifo_z_en=0.. 


If the FIFO is disabled when FIFO byte count is greater than 0, no new frame is written to the FIFO, 
but FIFO is operational: 

e Frames already written in the FIFO remain stored and can be read out 

e FIFO interrupts and their corresponding statuses are still evaluated 

e after all bytes are read out, sensortime (if enabled) and empty frames are generated 

e FlFO can be flushed 


FIFO input data 

Storing of acceleration measurement results is enabled by setting respectively fifo_x_en =’1’ and/or 
fifo_y_en= 1 and/or fifo_z_en = ’1’. Storing of data can be enabled or disabled on a per-axis basis in 
any combination. 

acc_filt1 or acc_flit2 data are stored in the FIFO depending on fifo_data_src bit. 

Thus, the data rate with which data is stored in the FIFO equals the data rate with which the filter 
serving as data source is configured. 


The number of bytes available in the FIFO is readable through fifo_bytes_cnt<10:0>. 

The FIFO byte count registers FIFO_LENGTHO and FIFO_LENGTH1 are updated only when a full 
frame has been written to the FIFO and is available for read-out. FIFO byte count registers are also 
updated after each full frame read from the FIFO. 

FIFO byte count registers increment or decrement is equal to the frame length; intermediate 
increments (corresponding to a partial frame) are not readable. 

The FIFO shall support two modes for acceleration data storage in FIFO: 12 bits stored as two bytes 
into FIFO and 8-bit mode (upper 8 bits of 12 bits) stored as single byte into FIFO per acceleration axis. 
The 8-bit mode activation shall be performed by setting FIFO_CONFIGO0.fifo_ 8bit_en = ‘1’. 


FIFO read out 


The FIFO can be read out via FIFO_ DATA register in a single burst read, this allows a complete 
reading of the FIFO content within one burst read transaction. 

FIFO read out is not supported in Sleep mode. 

FIFO read out is supported in normal and Low-power mode if FIFO. PWR_CONFIG.fifo_read_dis = ‘0’. 
The minimum delay Tfifo_read = 50us has to be applied between enabling FIFO read and the start of 
FIFO read. Don’t read the FIFO when FIFO_PWR_CONFIG.fifo_read_dis =‘1’. 
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FIFO overflow behavior 


A FIFO overflow occurs if the FIFO is full and a new data is to be written to the FIFO. FIFO full means 
free space is less than maximum frame length of 9 bytes. The largest frame is 7 bytes long, however 
each time FIFO is written (at the end of the measurement), 9 bytes can be written to the FIFO in total, 
consisting of 2 frames: one with the measurement results (maximum of 7 bytes), and configuration 
change frame consisting of 2 bytes. The definition of the full interrupt uses 9 bytes limit to give the host 
system time to react to it before the FIFO overflows. 


In case of overflow the FIFO can either stop recording data or overwrite the oldest data. The behavior 
is controlled by register fifo_stop_on_full. 

Streaming mode, fifo_stop_on_full = ’0’: if the new frame does not fit inside the remaining free space 
in the FIFO RAM, FIFO will repeatedly delete the oldest frame until it creates enough space for the 
new one. 

FIFO stop-on-full mode, fifo_stop_on_full = ’1’: The newest frame is discarded. 

Normal operation resumes if the FIFO full condition no longer persists. 


Frames 


The FIFO captures data in frames, which consist of a header and a payload. 
e Each data frame consists of a one byte header describing properties of the frame, (which data 
are included in this frame) and the data itself. Beside the data frames, there are control frames, 
sensortime frames and empty frames. 


The header has a length of 8 bit and the following format: 


7 | 6 | 5 | 4 | 3 | 2 | a | oo 
Header | fhmode<t:0> | th param<4:0> | 


fh_mode and fh_param<4> indicate whether the frame is a data frame (accel data), a sensortime 
frame (sensortime data), a control frame or an empty frame (all data 0). 


A data frame is composed of the said header and a set of acceleration data organized as described in 
table below. 


272 ee 
ee eee eee 





- 1..7 ile 7 Data aes number depending of 12 or 8bit saa mode and number of axes 
enabled. 


These fh_mode and fh_parm fields are defined below 


fh_mode<1:0> Definition fh_param <4> fh_param <3> fh_param <2:0> 

0b10 Sensor data frame b0: Sensor dataframe  b0: 8bit mode Enabled axes 
bi: 12bit mode 

0b10 sensortime frame bi: sensortime frame no meaning No meaning 

Ob01 Control frame b00100 
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Name fh_parm<2:0> 

Bit 2 1 0 

Content z-enabled y-enabled x-enabled 


f_param<3:0>=0b0000 is invalid for regular mode, a header of 0x80 indicates an uninitialized frame. 
In a data frame, fh_param<2:0> defines which sensors axes are included in the data part of the frame. 
fh_param<3> defines in which resolution — 8 or 12bit — the data are stored. 

fh_param<2/1/0> indicate whether Z, y or x axis data are stored. 

Thus, fh_param<3:0> allows to calculate the amount of data payload following the header. 

The maximal payload is 6 bytes if all axes are enabled and 12bits are stored. 

3bytes payload are needed if all axes are enabled and 8bits are stored. 

A lesser amount of data is required if one or two axes are disabled. 


As an example, data frames with 12bit and 8bit resolution are shown below, all axes enabled 


4 | 3 | 2 | a 


unused acc_x<3:0> 


acc_x<11:4> 

unused acc_y<3:0> 
acc_y<11:4> 

unused acc_z<3:0> 
acc_z<11:4> 


acc_x<11:4> 
acc_y<11:4> 


acc_z<11:4> 





A FIFO empty frame is a sensor data frame, this is what the header indicates (fh_mode=b10). 
fh_param<2:0>=b000 shows that the frame delivered is an empty frame and contains 1 data byte of 
value 0x00 after the header. 

This kind of frame is delivered if the last frame in the FIFO was already read out or if the FIFO is 
empty. The format is shown below. 
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If fh_ param<4:0>= b00000, the header indicates a sensor-time frame to come, its format shown 
below. 


Bit | 





sensor_time</:0> 
time sensor_time<15:8> 
sensor_time<23:16> 


The data for the sensor-time frame consists of registers sensor_time2/1/0 at the moment 

the sensor-time frame transmission has started. A sensor-time frame is not stored in the FIFO, it is 
created on-the-fly and delivered with a FIFO burst read operation when all acceleration data frames 
have been transmitted and the burst read carries on requesting data. 

The sensortime frame will only be delivered if fifo_time_en = ‘1’. 


The already mentioned control frame looks as follows 





-  fifo_configO_chg = b1: The control frame will be inserted when FIFO_CONFIG0.fifo_data_src 
change becomes active in FIFO. 

- acc_configO_chg = b1: The control frame will be inserted when ACC_CONFIGO.filt1_ bw 
change is valid for data stored in FIFO. 

- acc_configi_chg: The control frame will be inserted when ACC_CONFIG1.acc_odr or 
ACC_CONFIG1.osr or ACC_CONFIG1.acc_range change is valid for data stored in FIFO. 


If more changes become active at one acceleration sample just one control frame will be inserted, with 
more than one of the three CONF_chg bits set. 


The data format for data frames is identical to the format defined for the data registers: signed integer. 
If no axis is selected for FIFO storage no frames are written into the FIFO. 


Under-read 


In case the FIFO is under-read (not all frames were taken from the FIFO, but the last frame read was 
read entirely), the next readout will continue at the frame that was just about to be sent. 


Partial frame read 


In case the FIFO is under-read and a partial data frame read occurred (not all frames were taken from 
the FIFO, and the last frame read was not read entirely), the entire last data frame is repeated upon 
the next read access. 

When fifo_stop_on_full=‘0’ oldest frames are overwritten when new frames are available and the FIFO 
is full. 

When this happens, the partially read data frame is not repeated but the oldest frame available in the 
memory is sent instead. 

Sensortime frame is not repeated when it is read only partially. 
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If the read of a frame is interrupted during the frame's last byte read, this partial read is not recognized 
and the frame is discarded like a fully read frame. 


Over-read 


If the burst read continues after all frames have been read out, a sensortime frame is sent after the 
FIFO becomes empty during a burst read operation if fifo_time_en=’1’. After that or when FIFO was 
completely read, the empty frame is returned as long as the burst read is active. 


Reading nearly-empty FIFO 


FIFO contains a reading cache buffer for a complete frame. When there is only one unread byte left in 
the reading buffer, the FIFO starts prefetching the next frame from the memory to be ready for burst 
reading if there is any further frame, or it evaluates itself as empty. 

If new data frames/config frames are written to the FIFO before this reading event, the FIFO will 
behave as containing one further frame and the new frame will be made available for reading as the 
next frame. If new data/config frames are written to the FIFO after the moment when "only one unread 
byte is left in the buffer", then user will see the FIFO as empty after the current frame will be finished. 


FIFO flushing 


A FIFO flush operation is executed when a flush command is written to the CMD register, when a soft- 
reset command is issued or when the device changes power mode and FIFO auto flush is enabled 
through FIFO_CONFIG0.auto_ flush bit. For system simplicity, a flush is executed as soon as possible. 
FIFO can be written or flushed at any time when FIFO is not read. 

Flush operation does not depend on serial interface activity to finish. Power mode transition (or write) 
does not have to wait for the Flush to finish. Serial interface always reads what is in the FIFO at the 
moment the next frame is prepared for the output buffer. Empty frames are read if the FIFO was 
flushed during the transaction. 


CSB \ if i 
Transmitted frame SS De Empty 
Flueh request | | 


(power mode change) 





FIFO ©80 domain 
FIFO operation Idle Flush{ dle Read \ (dle 
FIFO output butter 22eeccce ieee ee cee } 
FIFO byte counter 147 140 Q 





FIFO watermark interrupt 


Watermark interrupt status is asserted when the watermark interrupt condition is satisfied i.e. when the 
filling level of the FIFO (number of unread bytes in the FIFO) is greater or equal to the watermark level 
(fifo_bytes_cnt<10:0> 2 fifo_watermark<10:0>). 

FIFO watermark interrupt is enabled by setting INT_CONFIGO.fwm_int = ‘1’. It can be mapped to 
INT1/2 pad. 

When the FIFO watermark level is set to zero, the interrupt condition is never satisfied. The status of 
the watermark interrupt can be read back through the INT_STATO.fwm_ int bit. 

Interrupt status is cleared by reading the INT_STATO.fwm_int bit when the FIFO filling level is lower 
than the watermark level. 
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The interrupt is only evaluated after entire frames have been read out or written (as the counter is only 


in-/decreased on a frame basis). 

Watermark interrupt condition is also updated after the end of the serial interface (burst write) 
transaction which wrote into the registers fifo_watermark<10:8> or fifo_ watermark<7:0>. 

The behavior of the FIFO watermark is shown in the figures below. 


FIFO Watermark aX 
FIFO byte count 35 X42 X_ 35 EAKANSG_ X49 XSX__3S 
f o 


FIFO frame read access / — a. Z (3) (1X21 YA 
INT pin \ 


INT_STATUS.fwm_int 


FIFO watermark interrupt, non-latched, with reads from FIFO 





FIFO Watermark 42 yi 


FIFO byte counter ale ? i 
FIFO frame read access YI i / / €} YALL: / (1X 2X34) 


Reading INT_STATUS 


INT pin 


FIFO watermark interrupt, latched, with reads from FIFO 





r 


FIFO full interrupt 


The full interrupt can be enabled by setting bit INT _CONFIGO./ffull_en = ‘1’. It can be mapped to 
INT1/2 pad. Full interrupt status is asserted when the full interrupt condition is satisfied, when the 
filling level of the FIFO (number of unread bytes in the FIFO = fifo_bytes_cnt<10:0>) is equal or higher 
than 1016. The status of the full interrupt can be read back through the INT_STATO.ffull_ int bit. 
Interrupt status is cleared by reading the INT_STATO.ffull_ int bit high '1' when the FIFO filling level is 
lower than 1016. The behavior of the FIFO full interrupt is shown in the figures below. 


FIFO full condition 
FIFO frame read access 
INT pin (deass_fifo_int=1) 


INT pin (deass_fifo_int=0) 





INT_STATUS.ffull_ int 
FIFO full interrupt, non-latched, with reads from FIFO 
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FIFOfullcondiion | | fo fo 
FIFO frame read access CARRRE_EEG GQ_EfK 1 2 3K 4) 


Reading INT_ STATUS 
INT pin 


INT_ STATUS. ffull_ int - 
FIFO full interrupt, latched, with reads from FIFO 
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4.6. General Interrupt Pin configuration 


Interrupt Pin Mapping 


The content of the interrupt status registers can be mapped to pins INT1 or INT2, by setting the 
corresponding bits from the registers INT1_MAP, respectively INT2_ MAP or INT12_ MAP. 

To disconnect the features outputs to the external pins, the same corresponding bits must be reset, 
from the registers, INT1_MAP, respectively INT2_ MAP or INT12_ MAP. 

Once a feature triggered the output pin, the Host can read out the corresponding bit from the register, 
INT STATO, INT_STAT1 or INT_STAT2. 


Interrupt latching 


Interrupts can be configured as non-latched or latched. The mode is selected by 
INT CONFIG1.latch_int. Latching determines when an interrupt is released. The behavior of the 
different interrupt modes is shown graphically in the figure below 


intemal simmal from 


Interrupt enpine i r 

i 
i 
I 
I 


Interrupt output i 
nonlatched | | | | i 
i 
I 
| ! ! 
I 


Non-latched mode 

In the non-latched mode (INT_CONFIGi1.latch_int = 0), both the INT pins (the contribution to the ‘or’ 
condition for the INT pin) and the interrupt status bit in INT_STAT are reset when the interrupt 
activation condition is released. 


Non-latched interrupt 


Interrupt set by int. engine A | A | 
Interrupt clear by int. engine t | 
Interrupt condition Se ee ee ee ee ee ee 
INT pad (if mapped) Ss ee ee ee ee ee 
INT_STATO.gen1_int ee | 


Read register 





Pin and INT STATO.<int= == interrupt condition. 


Latched mode 

In latched mode (INT_CONFIG1.latch_int = 1) an asserted interrupt status in INT_STAT(0/1/2) and the 
INT pin (the contribution to the ‘or’ condition for the INT pin) is cleared by reading the corresponding 
status register. If the FIFO filling activation condition still holds true then the interrupt status is not 
cleared. Data ready and advanced interrupts’ statuses are cleared upon reading INT_STAT register. 
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Latched interrupt 


Interrupt set by int. engine A | A | 
Interrupt clear by int. engine f | 
Interrupt condition ee ee ee 
INTpad(ifmapped): of 5 GN 
INT.STATOgent_int: Gf : of | HE ff bob bf NEE EE 
Read register 


Pin == INT_STATO.<int=, INT STATO cleared by read. Interrupt reasserts if condition still valid 


Interrupt behavior during power mode switching 


When the device leaves normal mode, all internal interrupt status registers are cleared. There are two 
exceptions: 

- The step counter keeps its state (i.e. the step count) on mode switching. If the mode is switched 
to normal with enabled step counter, it continues counting on the previous value. The internal 
interrupt status is cleared. 

- FIFO interrupts are not cleared by mode switching 
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Electrical Interrupt Pin Behavior 


Both interrupt pins INT1 and INT2 can be configured to show the desired electrical behavior. 

The ‘active’ level of each interrupt pin is determined by the int1_/v/ and int2_IvI bits. 

If int1_Ivi=1/ int2_Ivl = 1, then pin “INT1”/ pin “INT2” are active HIGH. 

The characteristic of the output driver of the interrupt pins is configured with bits int1_od and int2_ od. 
By setting bits int1_od / int2_od to ‘1’, the output drivers show open-drive characteristic, by setting the 
configuration bits to 0, the output drivers show CMOS push-pull characteristic. 

When open-drive characteristic is selected in the design, an external pull-up or pull-down resistor 
should be applied according the int(1/2)_/v! configuration. 

For all interrupts, the user is responsible of the settings, no hardware checks of the settings are 
implemented before processing interrupts. 


int(1/2)_od int(1/2)_lvl “INTL” / “INT2” output driver 
0 0 active ‘0’ push-pull characteristic 
0 1 active ‘1’ push-pull characteristic 
1 0 active ‘0’ open-drive characteristic sink (NMOS) 
1 1 active ‘1’ open-drive characteristic source (PMOS) 
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4.7. Interrupt Features 


The following interrupts exist in the BMA400: 


Basic interrupts 
- Data ready interrupt 


- FIFO watermark 
- FIFO full 


- Interrupt engine overrun 
- Wake-up interrupt 


Advanced Interrupts 
- Generic interrupt 1 


- Generic interrupt 2 

- Step detector interrupt/step counter 
- Activity changed interrupt 

- Single tap / Double tap sensing 

- Orientation changed interrupt 


Basic interrupts can all be enabled independently from each other. 


Advanced interrupts are only available in normal mode, the interrupt engine is disabled in low power 
mode and sleep mode. Advanced interrupts are served by the interrupt engine. They share the same 
resources, thus, enabling too many interrupts of this type in parallel may lead to a so-called Interrupt 
engine overrun. This interrupt indicating that the interrupt engine could not finish calculating all 
selected interrupt conditions. 

If this occurs, advanced interrupts of lesser importance must be disabled until the Interrupt engine 
overrun condition/interrupt vanishes. 


Any change of an interrupt configuration must be executed when the corresponding interrupt is 
disabled. 


For most interrupts a data rate of 100Hz is recommended, only tap sensing requires 200Hz. It is then 
necessary to configure the data source of the tap sensing interrupt, filter acc_filt1, to 200Hz, which 
implies that the other interrupts requiring 100Hz data rate use another filter. 


Interrupt pin mapping, interrupt status 


The BMA400 supports flexible INT1 and INT2 pin mapping configurations via interrupt mapping 
registers INT1_MAP, INT2_MAP and INT12_ MAP. Depending on these registers settings, all interrupt 
sources are mapped to the INT1 and INT2 pins. 

The status of the interrupts can be read out at the status registers INT_STATO, INT_STAT1 and 

INT _STAT2. 

Additionally, the step counter value is stored in the registers STEP_CNTO...STEP_CNT2. These 
registers need to be read out using a burst read to avoid one register being updated while another 
step count register is read. 
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Generic Interrupt 1 and 2 


The generic interrupts 1 and 2 have the exact same implementation. They are designed to detect 
activity or inactivity. 


The generic interrupt monitors acceleration change with respect to a reference, or in other words, the 
difference between actual acceleration and reference is calculated and compared against a threshold. 
The comparison is de-noised using a hysteresis. 


The generic interrupt is triggered when the above mentioned difference lasts for a minimum time. 
Reference, threshold, hysteresis and duration are configurable. 


Both generic interrupts work the same way, but have separate sets of registers to be processed 
independently of each other. 


e Generic interrupt 1 is enabled by ‘INT CONFIGO.gen1_int_en = 1° 
e Generic interrupt 2 is enabled by ‘INT CONFIGO.gen2_int_en = 1° 


The generic interrupt supports selectable acceleration axes for evaluation: 
GEN(1/2)INT_CONFIGO.act_(x/y/z)_ en. 


GEN(1/2)INT_CONFIG1.comb_ sel selects if the interrupt shall be based on an AND (comb_ sel = 1) or 
an OR (comb_ sel = 0) combination of all enabled axes. 


The acceleration data source is selectable between acceleration from acc_filt1 or acc_filt2 by setting 
GEN1/2INT_CONFIGO.data_src (0: acc_filt1, 1:acc_filt2). 


reference update made 


acc filt_Ip 
reference 
act. th yst duratio 
data_src 
acc_filtt 
7 timer_en : activity 
acc_filt’ ea Se threshold timer/ interrupt 


comparison counter 





The data rate for the filter output must be 100Hz. Using acc_filt2 is recommended. In this case acc_filt1 
can be used independently from the interrupt engine for the data output registers and the FIFO. 


GEN(1/2)INT_CONFIGO.data_src Source for generic interrupt data 
0 acc_filt1 
1 acc_filt2 


The mentioned reference can be static (user defined) or it can be updated dynamically. 
The reference acceleration registers support reference update modes after comparison evaluation has 
been done. The mode is set in GEN(1/2)INT_CONFIGO.act_refu 
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GEN(1/2)INT_CONFIG0.act_refu Description of reference update mode 

b00O manual update — reference is statically set by user using 
GEN(1/2)INT_CONF1IG4/5/6/7/8/9 (read back after interrupt is 
activated) 

b01 one time — the reference is updated once by acceleration data 


taken from the data source (acc_filt1 or acc_filt2) after triggering 
the interrupt 
Reference will also be updated after entering normal mode. 


b10 every time — the reference is updated at the end of the interrupt 
evaluation, it is taken from the data source (acc_filt1 or 
acc_filt2). This mode especially makes sense for activity 
detection where a “constantly” increasing acceleration shall be 
detected. 


bil every time - the reference is updated at the end of the interrupt 
evaluation, it is taken from the data source acc_filt_Ip. 
Remember the large group delay (1Hz bandwidth) of 
acc_filter_Ip 


As already mentioned, both interrupts can be configured to detect activity or inactivity. This is done 
using GEN(1/2)INT_CONFIG1.criterion_ sel. 


GEN(1/2)INT_CONFIG1.criterion_sel = 0: inactivity detection, referenced acceleration below threshold 
GEN(1/2)INT_CONFIG1.criterion_ sel = 1: activity detection, referenced acceleration above threshold 


The reference values for each axis are stored in registers GEN(1/2)INT_CONFIGX.int_th_ref(x/y/z), 
they are 12-bit signed values. The values are range sensitive, and the physical value of LSB 
corresponds to 2“(2+acc_range)/4096, here acc_range = 0, 1, 2, 3 corresponds to +/-2g, +/-4g, +/-8g, 
+/-16¢. 

The threshold value are stored in register GEN(1/2)INT_ CONFIGX.gen_int_thres, it is 8-bit unsigned 
value, fixed resolution of 8mg for all measurement ranges. 


The interrupt supports a configurable duration condition: GEN(1/2)INT_ CONFIGX.gen1_int_dur<15:0> 
indicates the resolution in data ready ticks. So, the duration depends on the data rate the selected 
filter delivers. 

A hysteresis helps to suppress noise in the decision-making. The effective threshold value is set to 
(gen_int_thres — act_hyst) after the first true evaluation of the threshold condition and changed back to 
(gen_int_thres) as soon as the condition is false. GEN(1/2)INT_ CONFIGO.act_hyst. Following 
hysteresis configurations for the activity comparison are available: 


GEN(1/2)INT_CONFIGO.act_hyst Description of hysteresis amplitude (mg) 


b00 0 
b01 94 
b10 A8 
b11 96 
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Step Detector / Step Counter 


The Step Counter algorithm is optimized to high accuracy, while Step Detector is optimized to low 
latency. Both are running in parallel, once enabled. 
The step counter computation is enabled if INT_CONFIG1.step_int = ‘1’. 


Step Counter: 
The step counter accumulates the steps detected by the step detector interrupt, and makes available 


the 24 bit current step counter value in the 3 registers STEP_CNTO... STEP_CNT2, each holding 8bit. 


Step Detector: 
Once a step is detected the /INT_STAT1.step_int interrupt signal is set to 1 (one step detected) or 2 


(step detected and very likely to have missed a step before; "double step"). 
There are situations when the step counting value is different than the sum of steps detected by the 
step detector. 


Step Counter/Detector sensitivity: 
The step counter uses 24 configuration registers STEP_COUNTER_CONFIGO to 


STEP_COUNTER_CONFIG23. The Step Counter and Detector sensitivity can be modified by setting 
these parameters to the corresponding values in the table below. By default, the Normal sensitivity is 
configured. 


Les cceacel Geter dl eed MAREN nd Pe 


STEP_COUNTER_CONFIGO = 0x59 





STEP_COUNTER_CONFIG1  Ox5A 10 90 84 
STEP_COUNTER_CONFIG2  Ox5B 119 120 121 
STEP_COUNTER_CONFIG3 = 0x5C 124 230 21 
STEP_COUNTER_CONFIG4 = O0x5D 8 7 10 
STEP_COUNTER_CONFIGS = Ox5E 0 0 0 
STEP_COUNTER_CONFIG6 — OX5F 130 132 146 
STEP_COUNTER_CONFIG/7 0x60 109 108 120 
STEP_COUNTER_CONFIG8& 0x61 7/ 156 13 
STEP_COUNTER_CONFIG9 = 0x62 118 117 119 
STEP_COUNTER_CONFIG10 0x63 211 100 232 
STEP_COUNTER_CONFIG11 0x64 126 126 126 
STEP_COUNTER_CONFIG12 0x65 180 170 15 
STEP_COUNTER_CONFIG13 0x66 12 12 12 
STEP_COUNTER_CONFIG14 0x67 12 12 12 
STEP_COUNTER_CONFIG15 0x68 74 74 74 
STEP_COUNTER_CONFIG16 Ox69 160 160 160 
STEP_COUNTER_CONFIG1/7 Ox6A 0 0 0 
STEP_COUNTER_CONFIG18 Ox6B 0 0 0 
STEP_COUNTER_CONFIG19 Ox6C 12 12 12 
STEP_COUNTER_CONFIG20 Ox6D 60 60 60 
STEP_COUNTER_CONFIG21 Ox6E 240 240 240 
STEP_COUNTER_CONFIG22_ Ox6F 1 1 1 
STEP_COUNTER_CONFIG23 0x70 0 0 0 
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Default (after reset) parameters have been obtained using hundreds of experiments used to tweak 
these parameters for optimal performance. Changing these parameters should only be done by 
experts. The reset parameters can be overwritten before enabling the step counter/interrupt. 


The step count value is reset during power-on-reset, soft-reset, or step counter reset command 
transmitted to the device via the command Register CMD. 
The step count value is not reset when the step counter is enabled or disabled. 


Activity recognition 
The step counter state is indicated in the register STEP_STAT step_stat_field<1:0>, it contains the 
status STILL(Ox00), WALK(0x01) or RUN(0x02). 
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Activity changed interrupt 


The device provides an “activity changed” interrupt. The activity changed interrupt evaluates 
acceleration data for a certain activity over a predefined observation period and sets an interrupt after 
activity change is detected compared to previously evaluated activity. 

The enable signal for this interrupt is INT_CONFIG1.actch_ int. 

The activity changed interrupt supports data source selection by setting 
ACTCH_CONFIG1.actch_data_src bit. The acceleration data source shall be selectable between 
acceleration from acc_filt1 and acceleration acc_filt2. 


data_src Description 
0 acc_filt1 
acc_filt2 


Following steps are performed for activity changed interrupt evaluation: 

e Evaluation of the current activity parameter: average (| acc - acc_lp |) of the dynamic 
acceleration with respect to the quasi-static acceleration (low-pass filtered value acc_filt_lIp) 
over a certain observation period. 

e Comparison of the currently evaluated activity parameter with last stored activity parameters 
(activity parameters for previous observation period): abs(curr_value — last_value) > threshold. 

e Update / store the activity parameters: curr_value => last_value. 

e Activity changed status bits (actch_z_int, actch_y_int, actch_x_int): signalize activity changed 
for corresponding axes, “1” for activity changed. 


Following configurations are supported for activity changed interrupt: 
e Selectable acceleration axis for evaluation (actch_x_en, actch_y_en, actch_z_en) 
e Threshold for activity change. The configuration of the activity threshold is defined by 
ACTCH_CONFIG0.actch_thres<7:0> 
e Number of samples of the observation duration. The observation period is defined by the 
number of data samples used for the evaluation of the activity parameters. The observation 
period is defined by the setting ACTCH_CONFIG1.actch_npts. 


ACTH_CONFIG1.actch_npts<3 :0> Number of samples for observation 
0000 32 
0001 64 
0010 128 
0011 256 
0100 .. 1111 512 
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Tap Sensing Interrupt 


The tap interrupt is operating on an input data rate of 200Hz. 
It can detect single and double taps. For configuration, there are the registers TAP_CONFIG and 
TAP_CONFIG_1. 


(TAP_CONFIG. tap_ sensitivity) allows to modify the threshold for the minimum tap amplitude 
(TAP_CONFIG_1. quiet) and (TAP_CONFIG_1. quiet_dt) allow to define the duration of quiet times 
between double taps and between taps. 


acc_filt1 is the data source for the tap interrupt, so, this filter must be configured to 200Hz ODR if this 
interrupt shall be enabled. There are two different interrupts that can be enabled separately: single tap 
(INT_CONFIG1.s_tap_int) and double tap detection (INT. CONFIG1.d_tap_ int). 


The status of the interrupts is available in /INT_STAT1.s_tap_int and INT_STAT1.d_tap_ int. 


With INT12_MAP.tap_int1 the logical OR of both interrupt statuses can be mapped to the INT1 
pin. 
INT12_MAP.tap_int2 does the same for the INT2 pin. 


Config Register Comment 
TAP_CONFIG. modifies the threshold for the minimum tap amplitude The three bits form an 
tap_sensitivity[2:0] unsigned integer (‘dO.. ‘d7) 


reset default: “OOO” 


TAP_CONFIG. Modifies the selection of the data provided to the algorithm 
sel_axis[1:0] If TAP_CONFIG.sel_ axis =="00” use Z axis data 
If TAP_CONFIG.sel_ axis =="01” use Y axis data 
reset default: “OO” If TAP_CONFIG.sel_axis =="1X" use X axis data 
TAP_CONFIG_1. QUIET_TIME = ‘d60 if TAP_CONFIG_1.quiet==”00” 
quiet[3:2] QUIET_TIME = ‘d 80 if TAP_CONFIG_1.quiet=="01” 
QUIET_TIME = ‘d 100 if TAP_CONFIG_1.quiet=="10” 
reset default: “01” QUIET TIME = ‘d 120 if TAP_CONFIG_1.quiet=="11” 
TAP_CONFIG_1. QUIET_TIME_DT = ‘d4 if TAP_CONFIG_1.quiet_dt==”00” 
quiet_dt[5:4] QUIET_TIME_DT = ‘d 8 if TAP_CONFIG_1.quiet_dt==”"01” 
QUIET_TIME_DT = ‘d 12 if TAP_CONFIG_1.quiet_dt=="10” 
reset default: “OO” QUIET_TIME_DT = ‘d 16 if TAP_CONFIG_1.quiet_dt=="11” 
TAP_CONFIG_1. TICS_TH= ‘d6 if TAP_CONFIG_1.tics_th=="00" 
tics_ th[1:0] TICS_TH= ‘d9 if TAP_CONFIG_1.tics_th=="01" 
TICS_TH= ‘di2 if TAP_CONFIG_1.tics_th=="10" 
reset default: “10” TICS_TH= ‘d18 if TAP_CONFIG_1.tics_th=="11" 
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Interrupt engine overrun 


The interrupt overrun is asserted if filter and interrupt computations cannot be finished in a sample 
acquisition time. The interrupt status is mapped (mirrored) to all interrupt registers INT_ STATO, 
INT_STAT1 and INT_STAT2, bit ieng_overrun_ stat. The interrupt is cleared by reading of any of these 
registers. 

The interrupt is mapped to pads INT1 and INT2 by the registers INT1_MAP. 
ieng_overrun_int1 and INT2_ MAP. ieng_overrun_int2. 

The interrupt behavior is not dependent on non-latch, latch mode setting. 

If this occurs, advanced interrupts of less importance must be disabled until the Interrupt engine 
overrun vanishes. 
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Orientation change interrupt 


The orientation-change interrupt is enabled by (INT_CONF/G0.orientch_int) = 1. 

The interrupt is optimized to detect a (Screen) orientation change when the product is used ina 
wearable device or similar application. 

The orientation change is evaluated by monitoring the acceleration change in X/Y/Z direction (each 
individually selectable) and by measuring the “stability” of the new orientation. The stability of the 
orientation is evaluated by monitoring the difference between the last acceleration value and current 
acceleration values. The orientation change is evaluated as difference to the last stable orientation 
stored in the reference registers. 

The orientation changed interrupt is generated as soon as the orientation change condition is fulfilled 
on one of the enabled axes selected by (ORIENTCH_CONFIG0.orient_X/Y/Z_en). 


reference update mode 


acc_filt2 


threshold timer_en 






comparison 







duration 


threshold timer/ eral 
comparison counter cnang 
interrupt 
acc filt2 


stability_mode 





Signal flow for orientation change interrupt 


The orientation change interrupt supports two input acceleration data streams for evaluation: acc_filt2; 
and the low-pass filtered data source with 1Hz cut-off frequency acc_filt_lp 


ORIENTCH_CONFIG0.data_src Data source for Interupt 


0 acc_filt2 
1 acc_filt_lp 


The threshold for the orientation change interrupt can be configured in the register 
ORIENTCH_CONFIG1.orient_thres. The threshold configuration has 8 bits and a resolution of 
8meg/LSB. In case the acceleration is above the reference acceleration stored for last position for 
defined period of time ORIENTCH_CONFIG3.orient_dur; the BMA400 orientation change condition is 
true. In case the stability check is selected the orientation must be stable within the stability threshold 
ORIENTCH_CONFIG2.stability_thres. 
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The minimum duration of a new orientation (which shall trigger an interrupt) can be configured in the 
register ORIENTCH_CONFIG3.orient_dur. The duration register has 8 bits and a resolution of 
10ms/LSB. 
The stability evaluation mode can be configured in the Register 
ORIENTCH_CONFIGO.stability_ mode. Following configurations are supported for stability evaluation 
mode: 

# — stability check disable 

= Difference to last value from filter acc_filt2 

= Difference to last value from filter acc_filt_lp 


ORIENTCH_CONFIG0.stability_mode Description 


b00O Stability disabled: the stability check is disabled. The orientation 
change is based only on the difference and duration condition to 
reference values 


b01 Last ordinary acceleration: stability condition evaluated by using 
the acc_filt2 acceleration 


b10 or b1i1 Last low-pass filtered acceleration: stability condition evaluated 
by using the low-pass filtered acceleration data acc_filt_Ip 


When the duration condition is fulfilled, the reference orientation is updated according to the 
configuration stored in the Register (ORIENTCH_CONFIGO.orient_refu). The reference update mode 
supports following modes: 

= no automatic update at all, the reference orientation will be updated by the user when needed 

= update with output from filter acc_filt2 

= update with output from filter acc_filt_lp 


Summarized, the orientation changed interrupt supports following configuration: 
» Axis selection for orientation evaluation 
= Data source for data evaluation 
o acc_filt2 
o acc_filt_Ip 
= Stability mode configuration 
o Stability check disabled 
o Last acceleration from acc_filt2 for stability check 
o Last acceleration from acc_filt_lp for stability check 
= Thresholds 
o Threshold for orientation change: 8 bits, 8 mg/Isb resolution 
o Stability threshold for stable position: 8bits 8 mg/Isb resolution 
o Duration for stable orientation: 8bits, 1O0ms/lsb resolution 
» Reference update mode: 
© manual update, it is set by user. The values are range sensitive, and the physical 
value of Isb corresponds to 2“(2+acc_range)/4096, here acc_range = 0, 1, 2, 3 
corresponds to +/-2¢, +/-4g, +/-8g, +/-16g. 
o update with acc_filt2 value, the reference orientation is updated with current 


acceleration value as soon as stable orientation is detected 
o update with acc_filt_lp value, the reference orientation is updated with current 
acceleration value as soon as stable orientation is detected 
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4.8. Sensor Self-Test 


The BMA400 has a comprehensive self test function for the MEMS element by applying electrostatic 
forces to the sensor core instead of external accelerations. By actually deflecting the seismic mass, 
the entire signal path of the sensor can be tested. Activating the self-test results in a static offset of the 
acceleration data; any external acceleration or gravitational force applied to the sensor during active 
self-test will be observed in the output as a superposition of both acceleration and self-test signal. 


Before the self-test is enabled the g-range should be set to 4g. 


In order to ensure a proper interpretation of the self-test signal it is recommended to perform the self- 
test for both (positive and negative) excitations: SELF_TEST.self_test_sign= b0,b1 and then to 
calculate the difference of the resulting acceleration values. The table below shows the minimum 
differences for each axis in order for the self test to pass. The actually measured signal differences 
can be significantly larger. 


Self-test: Resulting minimum difference signal for BMA400. 
X-axis signal y-axis signal Z-axis signal 


BMA400 2000 mg 1800 mg 800 mg 


It is recommended to perform a reset of the device after a self-test has been performed. If the reset 
cannot be performed, the following sequence must be kept to prevent unwanted interrupt generation: 
disable interrupts, change parameters of interrupts, wait for at least 50ms, and enable desired 
interrupts. 


The recommended self test procedure is as follows: 


Disable all interrupts which could be triggered by self-test activity, this is no hard requirement 

Enable accelerometer with OSR=3, normal mode. 

Set +4g range 

Set ODR=100Hz, use acc_filt1 output 

Wait for > 2 ms 

Enable self-test for all axes and set positive self-test excitation (SELF_TEST.self_test_sign= 

1b0, SELF_TEST.self_test_en_x/y/z = b1) 

Wait for > 50ms 

Read and store acceleration + positive excitation values of each axis of interest 

9. Change to negative excitation by setting negative self-test exciation 
SELF_TEST.self_test_sign= b1 

10. Wait for > 50ms 

11. Read and store acceleration + negative excitation value of each axis of interest 

12. Calculate difference of measured acceleration values from steps 8 and 11 

13. Disable self-test for all axes: SELF_TEST.self_test_en_x/y/z = b0, 
SELF_TEST.self_test_sign= 1b0 

14. Wait 50ms before re-enabling interrupts 


ooo a IS 


oo 


By subtracting values with both contain the acceleration part (gravity), what remains is the pseudo- 
acceleration value caused by the self-test excitations. 
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4.9. Soft-Reset 


A softreset can be initiated at any time by writing the command softreset (OxB6) to register CMD. The 
softreset performs a fundamental reset to the device which is largely equivalent to a power cycle. 
Following a delay, all user configuration settings are overwritten with their default state (setting stored 
in the NVM) wherever applicable. This command is functional in all operation modes but must not be 
performed while NVM writing operation is in progress. 
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5. Register description 
5.1. Register map 























































































































































































































Addr RegName bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitO Rst Access 
(hex) val mode 
0x00 CHIPID chipid<7:0> 0x90 R 
0x01 reserved reserved 0x88 R 
0x02 ERR REG 0x00 R 
0x03 STATUS 0x00 R 
0x04 ACC X LSB 0x00 R 
0x05 ACC X MSB 0x00 R 
0x06 ACC Y LSB 0x00 R 
0x07 ACC Y MSB 0x00 R 
0x08 ACC Z LSB 0x00 R 
0x09 ACC Z MSB 0x00 R 
Ox0OA |SENSOR TIMEO 0x00 R 
Ox0OB  |SENSOR TIME1 0x00 R 
Ox0C  |SENSOR TIME2 0x00 R 
0x0D EVENT 0x00 R 
Ox0E INT_STATO 0x00 R 
Ox0F INT_STAT1 0x00 R 
0x10 INT_STAT2 0x00 R 
Oxii TEMP_DATA 0x00 R 
0x12 FIFO_LENGTHO 0x00 R 
0x13 FIFO_LENGTH1 0x00 R 
0x14 FIFO_DATA 0x00 R 
0x15 STEP_CNTO 0x00 R 
0x16 STEP_CNT1 0x00 R 
Ox17 STEP_CNT2 0x00 R 
0x18 STEP_STAT 0x00 R 
0x19 ACC_CONFIGO 0x00 RW 
OxiA ACC_CONFIG1 0x49 RW 
0xiB ACC_CONFIG2 0xE0 RW 
OxiF INT CONFIGO 0x00 RW 
0x20 INT CONFIG1 0x00 RW 
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Addr RegName bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitO Rstval |Access 

(hex) mode 

0x21 INT1_MAP drdy_inti fwm_int1 ffull_intl fieng_overr | gen2_int1 geni_inti  jorientch_intl | wkup_int1 0x00 RW 

un_intl 
0x22 INT2_MAP drdy_int2 fwm_int2 ffull_int2  fieng_overr | gen2_int2 geni_int2  jorientch_int2 | wkup_int2 0x00 RW 
un_int2 

0x23 INT12_MAP actch_int2 tap_int2 step_int2 actch_int1 tap_int1 step_int1 0x00 RW 

0x24 INT12 1O_CTRL int2_od int2_lvl intl_od inti_lvl 0x00 RW 

0x25 0x00 

0x26 FIFO_CONFIGO fifo_z_en fifo_y_en fifo_x_en_ [fifo _8bit_e /fifo_data_sr  ffifo_time_en |fifo_stop_on | auto_flush 0x00 RW 

n C _full 

0x27 FIFO_CONFIG1 fifo_watermark<7:0> 0x00 RW 

0x28 FIFO_CONFIG2 fifo_ watermark<10:8> 0x00 RW 

0x29 |FIFO_.PWR_CONFIG fifo _read_dis 0x00 RW 

Ox2A AUTOLOWPOW_0 auto_lp_timeout_thres<11:4> 0x00 RW 

0x2B AUTOLOWPOW_1 auto_|p_timeout_thres<3:0> auto_Ip_timeout<1:0> geni_int drdy 0x00 RW 

Ox2C AUTOWAKEUP_0 wakeup _timeout_thres<11:4> 0x00 RW 

0x2D AUTOWAKEUP_1 wakeup_timeout_thres<3:0> wkup_timeo wkup_int 0x00 RW 

ut 

Ox2F WKUP_INT_CONFIG |wkup_z_en |wkup y en jwkup x _en num_of_samples<2:0> wkup_refu<1:0> 0x00 RW 
0 

0x30 |WKUP_INT_CONFIG int_wkup_thres<7:0> 0x00 RW 
1 

Ox31 |WKUP_INT_CONFIG int_wkup_refx<7:0> 0x00 RW 
2 

0x32 |WKUP_INT_CONFIG int_wkup_refy<7:0> 0x00 RW 
3 

0x33. |WKUP_INT_CONFIG int_wkup_refz<7:0> 0x00 RW 
4 

0x35 ORIENTCH_CONFI  jorient_z_en Jorient_y_en jorient_x_en | data_src orient_refu<1:0> stability_ mode<1:0> 0x00 RW 
GO 

0x36 ORIENTCH_CONFI orient_thres<7:0> 0x00 RW 
Gi 

Ox37 | ORIENTCH_CONFI Stability_thres<7:0> 0x00 RW 
G2 

0x38 | ORIENTCH_CONFI orient_dur<7:0> 0x00 RW 
G3 

0x39 | ORIENTCH_CONFI int_orient_refx<7:0> 0x00 RW 
G4 

Ox3A | ORIENTCH_CONFI int_orient_refx<11:8> 0x00 RW 
G5 

Ox3B | ORIENTCH_CONFI int_orient_refy<7:0> 0x00 RW 
G6 

Ox3C | ORIENTCH_CONFI int_orient_refy<11:8> 0x00 RW 
G7 

Ox3D | ORIENTCH_CONFI int_orient_refz<7:0> 0x00 RW 
G8 

Ox3E | ORIENTCH_ CONFI int_orient_refz<11:8> 0x00 RW 
G9 
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Addr RegName bit7 bit6 bit5 bit4 bit3 bit2 bit1 bitO Rst |Acces 

(hex) val Ss 

mada _| 

Ox3F GENILINT_CO act_z_en act_y_en__jact_x_en data_src act_refu<1:0> act_hyst<1:0> 0x0 RW 
NFIGO 0 
NFIG1 0 

Ox41 GEN1IINT_CO gen_int_thres<7:0> 0x0 RW 
NFIG2 0 

0x42 GENILINT_CO gen_int_dur<15:8> 0x0 RW 
NFIG3 0 

0x43 GENILINT_CO gen_int_dur<7:0> 0x0 RW 
NFIG31 0 

0x44 GENIINT_CO int_th_refx<7:0> 0x0 RW 
NFIG4 0 

0x45 GENIINT_CO int_th_refx<11:8> 0x0 RW 
NFIG5 0 

0x46 GENAIINT_CO int_th_refy<7:0> 0x0 RW 
NFIG6 0 

0x47 GEN1LINT_CO int_th_refy<11:8> 0x0 RW 
NFIG7 0 

0x48 GENIINT_CO int_th_refz<7:0> 0x0 RW 
NFIG8 0 

0x49 GENIINT_CO int_th_refz<11:8> 0x0 RW 
NFIG9 0 

Ox4A GEN2INT_CO act_refu<1:0> act_hyst<1:0> 0x0 RW 
NFIGO 0 

0x4B GEN2INT_CO criterion_sel comb_sel |0x0 RW 
NFIG1 0 

Ox4C GEN2INT_CO gen_int_thres</7:0> 0x0 RW 
NFIG2 0 

0x4D GEN2INT_CO gen_int_dur<15:8> 0x0 RW 
NFIG3 0 

Ox4E GEN2INT_CO gen_int_dur<7:0> 0x0 RW 
NFIG31 0 

Ox4F GEN2INT_CO int_th_refx<7:0> 0x0 RW 
NFIG4 0 

0x50 GEN2INT_CO int_th_refx<11:8> 0x0 RW 
NFIG5 0 

Ox51 GEN2INT_CO int_th_refy<7:0> 0x0 RW 
NFIG6 0 

0x52 GEN2INT_CO int_th_refy<11:8> 0x0 RW 
NFIG7 0 

0x53 GEN2INT_CO int_th_refz<7:0> 0x0 RW 
NFIG8 0 

0x54 GEN2INT_CO int_th_refz<11:8> 0x0 RW 
NFIG9 0 

0x55 ACTH_CONFI acth_thres<7:0> 0x0 RW 
GO 0 

0x56 ACTH_CONFI actch_z_en actch_y_en_ jactch_x_ j|actch_data actch_npts<3:0> 0x0 RW 
Gl en _SIC 0 

0x57 TAP_CONFIG sel_axis<1:0> tap_sensitivity<2:0> 0x0 RW 
0 

0x58 |TAP_CONFIG1 quiet_dt<1:0> quiet<1:0> tics_th<1:0> 0x0 RW 
6 

Ox7C IF_ CONF spi3 0x0 RW 
0 

0x7D SELF_TEST acc_self_te facc_self_test_ jacc_self_test_ jacc_self_te |0x0 RW 
st_sign en_z en_y st_en_x 0 

Ox7E CMD cmd<7:0> 0x0 RW 
0 
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Register (0x00) CHIPID 


DESCRIPTION: the register contains the chip identification code 
read 0x90 to identify product 

RESET: 0x90 

DEFINITION (Go to register map): 


[Name | Register (0x00) CHIPID 
Bit 
pReadwrte JRO RRR 
pResetValue fd 


Bit af 
Read/Write PRR RR 
pResetValue JO 





Register (0x01) (reserved) 


Register (0x02) ERR_REG 


DESCRIPTION: reserved 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x02)ERR_REG 
Bit 
pResetVaue JO 

preserved 


ee 


reserved 
pResetValue OO OO 





cmd_err: command (written to command register(Ox7E)) execution failed. This is a clear-on- 
read bit. 
cmd_err== Ox1: Command execution failed. 
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Register (0x03) STATUS 


DESCRIPTION: the register contains the sensor status bits 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x03) STATUS 
Bit 
pRead/Wrte JR fava ER 
$$ 


aE 
Read Wie fyva [Rta _Jq____ 
ResetValue [OO 
power_mode_stat 


int_active: the int_active bit is set if one of the interrupts is triggered 


not-triggered | one of the interrupts is triggered 
triggered one of the interrupts is triggered 


power_mode stat: current power mode of the sensor 


|power_mode_stat] ||| J 


cmd_rdy: CMD (command register (Ox7E)) decoder status. 


pemd_rdy [OP 
ready for new command 


drdy_ stat: data ready status is set as soon the accelerometer data conversion is ready 


idrdy_stat | P 














data conversion not ready 
data conversion ready, new data available, clear on data read 





Modifications reserved | Data subject to change without notice Document number: BST-BMA400-DS000-02 | Revision_1.1_072018 


Bosch Sensortec | BMA400 Data sheet 57 | 126 


Register (0x04) ACC_X_LSB 


DESCRIPTION: Register for accelerometer data. The ACC_X_LSB-ACC_Z_MSB registers contain the 
latest data for x, y and z axis of accelerometer. A read operation on the register ACC_X_LSB- 
ACC_Z_MSB resets the INT_STATO.drdy_ int (data ready bit). 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x04) ACC_X_LSBO 
Bit 
pReadWrte PRR RR 
pResetValue JO 

pace X70 


acc_x_7_0 


Read/Write 
Reset Value 
acc_x_7_0 


acc_x_7_0: Isb of accelerometer x-axis data acceleration is obtained by the following operations: 
acc_x/y/z = acc_x/y/z_7_0 + 256*acc_x/y/z_11 8 
if(acc_x/y/z> 2047) acc_x/y/z=acc_x/y/z-4096 





Register (0x05) ACC_X_MSB 


DESCRIPTION: Register for accelerometer data. The ACC_X_LSB-ACC_Z_MSB registers contain the 
latest data for x, y and z axis of accelerometer. A read operation on the register ACC_X_LSB- 
ACC_Z_MSB resets the INT_STATO.drdy_int (data ready bit). 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x05)ACC_X_MSBO 
Bit 
pResetVae JO 

preserved 


reserved 

Bit a 
PR 
Ce 
ace_x_11_8 





acc_x_11 8: msb of accelerometer x-axis data acceleration is obtained by the following operations: 
acc_x/y/z = acc_x/y/z_7_0 + 256*acc_x/y/z_11 8 
if(acc_x/y/z> 2047) acc_x/y/z=acc_x/y/z-4096 
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Register (0x06) ACC_Y_LSB 


DESCRIPTION: Register for accelerometer data. The ACC_X_LSB-ACC_Z_MSB registers contain the 
latest data for x, y and z axis of accelerometer. A read operation on the register ACC_X_LSB- 
ACC_Z_MSB resets the INT_STATO.drdy_ int (data ready bit). 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name___| Register (0x06) ACC_Y_LSBO 
Bit 
pReadWrte PRR RR 
pResetValue JO 

paccy 70 


acc_y_7_0 


Read/Write 
Reset Value 
acc_y_7_0 


acc_y 7_0: Isb of accelerometer y-axis data acceleration is obtained by the following operations: 
acc_x/y/z = acc_x/y/z_7_0 + 256*acc_x/y/z_11 8 
if(acc_x/y/z> 2047) acc_x/y/z=acc_x/y/z-4096 





Register (0x07) ACC_Y_MSB 


DESCRIPTION: Register for accelerometer data. The ACC_X_LSB-ACC_Z_MSB registers contain the 
latest data for x, y and z axis of accelerometer. A read operation on the register ACC_X_LSB- 
ACC_Z_MSB resets the INT_STATO.drdy_int (data ready bit). 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x07) ACC_Y_MSBO 
Bit 
pResetVae JO 

preserved 


reserved 

Bt tf 
eT 
Ce 
acc_y 11 8 





acc_y_11 8: msb of accelerometer y-axis data acceleration is obtained by the following operations: 
acc_x/y/z = acc_x/y/z_7_0 + 256*acc_x/y/z_11 8 
if(acc_x/y/z> 2047) acc_x/y/z=acc_x/y/z-4096 
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Register (0x08) ACC_Z LSB 


DESCRIPTION: Register for accelerometer data. The ACC_X_LSB-ACC_Z_MSB registers contain the 
latest data for x, y and z axis of accelerometer. A read operation on the register ACC_X_LSB- 
ACC_Z_MSB resets the INT_STATO.drdy_ int (data ready bit). 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x08) ACC_Z_LSBO 
Bit 
pRead/Wrte JRO RRR 
pResetValue JO 

pace27.0 0 


acc_z_7_0 


Read/Write 
Reset Value 
acc_z_7_0 


acc_z 7_0: Isb of accelerometer z-axis data acceleration is obtained by the following operations: 
acc_x/y/z = acc_x/y/z_7_0 + 256*acc_x/y/z_11 8 
if(acc_x/y/z> 2047) acc_x/y/z=acc_x/y/z-4096 





Register (0x09) ACC_Z MSB 


DESCRIPTION: Register for accelerometer data. The ACC_X_LSB-ACC_Z_MSB registers contain the 
latest data for x, y and z axis of accelerometer. A read operation on the register ACC_X_LSB- 
ACC_Z_MSB resets the INT_STATO.drdy_int (data ready bit). 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x09) ACC_Z_MSBO 
Bit 
pResetVaue JO 

preserved 


reserved 

Bit a 
PR 
Ce 
acc_z_11_8 





acc_z 11 8: msb of accelerometer z-axis data acceleration is obtained by the following operations: 
acc_x/y/z = acc_x/y/z_7_0 + 256*acc_x/y/z_11 8 
if(acc_x/y/z> 2047) acc_x/y/z=acc_x/y/z-4096 
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Register (0x0A) SENSOR_TIME0O 


DESCRIPTION: the register contains the sensor time 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x0A) SENSOR_TIMEO 
Bit 
pReadwrte PRR RR 
pResetValue JO 

psensortime 7.000 


sensor_time_7_0 


Read/Write 
Reset Value 
sensor_time_7_0 


sensor_time_7_0: The internal sensor time is calculated using the formula 
ttemp=sensor_time_7_0+256*sensor_time_15 8+65536*sensor_time_23 16 
sensor_time=ttemp*312.5us 





Register (0xOB) SENSOR_TIME1 


DESCRIPTION: the register contains the sensor time 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x0B) SENSOR_TIMED, 
Bit 
pReadWrite FREER RR 
pResetVaue OO 

psensortime 15.8 


sensor_time_15_8 


Read/Write 
Reset Value 
sensor_time_15_8 


sensor_time_15 8: The internal sensor time is calculated using the formula 
ttemp=sensor_time_7_0+256*sensor_time_15 8+65536*sensor_time_23 16 
sensor_time=ttemp*312.5us 
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Register (0Ox0OC) SENSOR_TIME2 


DESCRIPTION: the register contains the sensor time 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x0C) SENSOR_TIME2 
Bit 
pReadwrte PRR RR 
pResetValue JO 

psensortime 23.1600 


sensor_time_23 16 
pReadWrite [Ro 
/ResetValue [OQ 
sensor_time_23 16 


sensor_time_23 16: The internal sensor time is calculated using the formula 
ttemp=sensor_time_7_0+256*sensor_time_15 8+65536*sensor_time_23 16 
sensor_time=ttemp*312.5us 


2 





Register (0x0D) EVENT 
DESCRIPTION: the register contains event bits. 


RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x0D) EVENT 
Bit 
pResetVaue JO 
a Fe Co 
pRead/Write fra fava RR 
pResetVae JO 


por detected: power on reset bit , clear on read 


por_detected |} 





no power up or softreset detected 
por-detected | power up or softreset detected 
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Register (OxOE) INT_STATO 


DESCRIPTION: the registers contain the interrupt status bits 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (OxOE)INT_STATO 
Bit 
pRead/Wrte JRO RRR 
$$$ 


a int_stat fwm_int_stat — _int_stat 
Read feta fe |p 
ResetValue JO 

gen2_int_stat genl_int_stat orientch_int_stat wkup_int_stat 





wkup_ int_stat: wake-up interrupt status: 

'0'= not set; '1'= set (wake-up condition is valid) 
orientch_int_stat: orientation changed interrupt status: 

'0'= not set; ‘1'= set (orientation is changed) 
gen1_int_stat: generic interrupt 1 status: 

'O'= not set; '1'= set 
gen2_int_stat: generic interrupt 2 status: 

‘O'= not set; '1'= set 
ieng_overrun_stat: issued when interrupt calculation could not be finished 
ffull_ int_ stat: FIFO full interrupt status: 

'0'= not set; '1'= set (FIFO full) 
fwm_int_stat: FIFO watermark interrupt status: 

‘O'= not set; '1'= set 
drdy_int_stat: data ready interrupt is status: 


‘O'= not set; '1'= set 
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Register (OxOF) INT_STAT1 
DESCRIPTION: the registers contain the interrupt status bits 


RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (OxOF)INT_STAT? 
Bit 
pRead/Write fra fava RR 
/ResetValue [OQ Ge 
reserved 
Qe 
pRead/Write |R 

/ResetValue [O00 
step_int_stat 


step_int_stat: step detector interrupt status: 
'0'= not set; 
'1'= set (step detected); 
'2'= set (step detected and very likely to have missed a step before; "double 





step"); 

'3'= not used 
s_tap_int_stat: single tap interrupt status: 

'0'= not set; '1'= set (single tap detected) 
d_tap_int_stat: double tap interrupt status: 

'0'= not set; '1'= set (double tap detected) 
ieng_overrun_ stat: issued when interrupt calculation could not be finished 


Register (0x10) INT_STAT2 
DESCRIPTION: the registers contain the interrupt status bits 


RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x10) INT_STAT2 
Bit 
pRead/Write fra fava TR 
/ResetValue [OQ CO 
reserved 

i Oe 


PR 
/ResetValue [OQ Cs 





actch_x_int_stat: x-axis activity change detected: '0'= no change; '1'= changed 
actch_y_int_stat: y-axis activity change detected: '0'= no change; '1'= changed 
actch_z_int_stat: Z-axis activity change detected: '0'= no change; '1'= changed 
ieng overrun_ stat: issued when interrupt calculation could not be finished 
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Register (0x11) TEMP_DATA 


DESCRIPTION: The register contains the temperature of the sensor. 

The output word of the 8-bit temperature sensor is Two‘s complement. 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (Oxi) TEMP_DATA 
Bit 
pRead/write ERR RR 
pResetValue JO 

ftempdata7O 


temp_data_7_0 

Bit af 
pReadwrite ERO RRR 
pResetValue JO 


temp _data_7_0: Conversion to real temperature is done using the formula 
temp=((real) ((signed)temp_data))*0.5+23.0 





Register (0x12) FIFO_LENGTHO 


DESCRIPTION: the register contains the number of bytes stored in FIFO 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x12) FIFOLLENGTHO 
Bit 
pReadWrite FRE 
pResetVaue JO 


eS 
Read Wie CC: 
ResetValue [OO 
fifo_bytes_cnt_7_0 





fifo_bytes_cnt_7_0: This is the LSBs data of the FIFO size count 
fifo_size_bytes = fifo bytes _cnt_7_ 0 + 256*fifo bytes cnt_10 8 
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Register (0x13) FIFO_LENGTH1 


DESCRIPTION: the register contains the number of bytes stored in FIFO 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x13) FIFOLLENGTH 0 
Bit 
pResetValue JO 

preserved 


reserved 

Bit a 
pRead/Wrte fra RRR 
pResetValue OO 


fifo_bytes_cnt_10 8: This is the MSBs data of the FIFO size count 
fifo_size_bytes = fifo_bytes_cnt_7_0 + 256*fifo bytes cnt_10 8 





Register (0x14) FIFO_DATA 

DESCRIPTION: the register contains the FIFO data. The FIFO data can be read out as burst read. 
The number of bytes written in the FIFO to be read is stored in the registers FIFO.LENGTH(0/1). 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x14) FIFO_DATA 
Bit 
pReadWrite FRE RR 
pResetVaue JO 


i i 

Read Wie CC; 
pResetVaue JO 
fifo_data_field 
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Register (0x15) STEP_CNT_0 


DESCRIPTION: the register contains the number of steps detected by step counter. 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x15) STEP_CNT_O|0 
Bit 
pReadwrte PRR RR 
pResetValue JOO 

pstep_cnt700 


step_cnt_7_0 


Read/Write 
Reset Value 
step_cnt_7_0 


step_cnt_7_0: step count=step_cnt_7_0+256*step cnt_15 8+65536*step cnt_23 16 





Register (0x16) STEP_CNT_1 


DESCRIPTION: the register contains the number of steps detected by step counter. 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name__| Register (0xi6)STEP_CNT.100 
Bit 
pRead/wrte PRR RR 
pResetValue JO 

pstep_ent.t5.8 


step_cnt_15_8 


Read/Write 
Reset Value 
step_cnt_15_8 


step_cnt_15 8: step_count=step_cnt_7_0+256*step_cnt_15 8+65536*step cnt_23 16 
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Register (0x17) STEP_CNT_2 


DESCRIPTION: the register contains the number of steps detected by step counter. 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x17) STEP_CNT_200 
Bit 
pReadwrte PRR RR 
pResetValue JO 

pstep_cnt23.16 00 


step_cnt_23_16 


Read/Write 
Reset Value 
step_cnt_23_16 


step_cnt_23 16: step_count=step_cnt_7_0+256*step_cnt_15 8+65536*step cnt_23 16 





Register (0x18) STEP_STAT 

DESCRIPTION: the register filed contains the status STILL(00), WALK(01) or RUN(01) 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x18) STEP_STAT 
Bit 
pResetValue JO 
Bit a 
pRead/Write fra fa RR 


ResetValue {OO 
step_stat_field 


istep_stat_field | || 
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Register (0x19) ACC_CONFIGO 


DESCRIPTION: the registers contain the accelerometer configuration. 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x19) ACC_CONFIGO 
Bit 
$$$ 


mit bw 
Read Wie ya [na few [ew 
ResetValue [OO 


power_mode_cont: '000'= sleep; '001'= low power mode; '010'= normal mode 


[power_mode_conf{ ||| TO 


osr_lIp: oversampling ratio for low power mode 
filt1 bw: bandwidth selector for filt1 output, valid only for ODRs smaller than 100Hz 


filtt_bw{ [0 
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Register (0x1A) ACC_CONFIG1 


DESCRIPTION: the registers contain the accelerometer configuration 
RESET: 0x49 
DEFINITION (Go to register map): 


[Name | Register (0x1A) ACC_CONFIGA 
Bit 
pResetValue JO 

paccrange foe 


Content acc_range 
Bit 

Read/Write 

Reset Value 


acc_odr 


acc_odr: output data rate of accelerometer for acc_filt1 


[Oxda | 400 


Osr: oversampling rate 0/1/2/3 for normal mode 
osr=0: lowest power, lowest oversampling rate, lowest accuracy 
osr=3: highest accuracy, higest oversampling rate, highest power 
settings 0, 1, 2 and 3 allow linearly trading power versus accuracy(noise) 








acc_range: accelerometer measurement range 


paccrange{ | 
+/-2g measurement range 


(0x01 sd gC +/-4g measurement range 
+/-8g measurement range 
+/-16g measurement range 
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Register (0x1B) ACC_CONFIG2 


DESCRIPTION: the registers contain the accelerometer configuration 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x1B)ACC_CONFIG2 
Bit 
/ResetValue JOO 

preserved 


reserved 
Bit af 
pResetValue JO 


data_src_reg: Select source for data registers 


pdata_srcreg |} 








Register (0x1F) INT_CONFIGO 


DESCRIPTION: The register contains interrupt control bits, 0 = not enabled, 1 = enabled 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (OxiF)INT_CONFIGO 
Bit 


dry in Bul itor 
Read Wie raw Taw few [ya 
Reset Value ne 





orientch_int_en: orientation changed interrupt 
genl_int_en: generic interrupt 1 
gen2_int_en: generic interrupt 2 

ffull_ int_en: FIFO full interrupt 
fwm_int_en: FIFO watermark interrupt 
drdy_int_en: data ready interrupt 


Modifications reserved | Data subject to change without notice Document number: BST-BMA400-DS000-02 | Revision_1.1_072018 


Bosch Sensortec | BMA400 Data sheet 71 | 126 


Register (0x20) INT_CONFIG1 


DESCRIPTION: The register contains interrupt control bits, 0 = not enabled, 1 = enabled 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x20) INT_CONFIGA 
Bit 
/ResetValue JO 


Content 
Bit af 
/ResetValue OO 


step_int_en: step detected interrupt (step counter) 
s_tap_int_en: single tap interrupt 

d_tap_int_en: double tap interrupt 

actch_int_en: activity changed interrupt 

latch_ int: latched interrupt mode configuration 


latchint | | 








Register (0x21) INT1_MAP 

DESCRIPTION: The register contains the interrupt to physical INT1 pin mapping 
0: interrupt is not mapped to INT1 
1: interrupt is mapped to pin INT1 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x21) INTA_MAP 
Bit 
pResetVae JO 
So OO 

RW 


Bit 1 


Reset Value 
gen2_intl geni_intl orientch_int1 wkup_intl 


Bt 3 A eee 
Read/Write RW RW RW RW 





wkup_int1: wake-up interrupt is mapped to int1 
orientch_int1: orientation changed interrupt is mapped to int1 
gen1_intt: generic interrupt 1 is mapped to int1 
gen2_int1: generic interrupt 2 is mapped to int1 
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ieng_overrun_int1: interrupt overrun mapped to int1 
ffull_ inti: fifo full interrupt is mapped to inti 
fwm_intt: fifo watermark interrupt is mapped to int1 
drdy_intt: data ready interrupt is mapped to int1 


Register (0x22) INT2_ MAP 


DESCRIPTION: The register contains the interrupt to physical INT2 pin mapping 
0: interrupt is not mapped to INT2 
1: interrupt is mapped to pin INT2 

RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x22) INT2,MAP 
Bit 
pResetValue JO 


Bit Oo 
Read/Write 
Reset Value Oo 

gen2_int2 genl_int2 orientch_int2 wkup_int2 


wkup_int2: wake-up interrupt is mapped to INT2 
orientch_int2: orientation changed interrupt is mapped to INT2 


Content drdy_int2 





gen1_int2: generic interrupt 1 is mapped to INT2 
gen2_int2: generic interrupt 2 is mapped to INT2 
ieng_overrun_int2: interrupt overrun mapped to int2 
ffull_ int2: fifo full interrupt is mapped to INT2 
fwm_int2: fifo watermark interrupt is mapped to INT2 
drdy_int2: data ready interrupt is mapped to INT2 


Register (0x23) INT12_ MAP 
DESCRIPTION: the registers contain the interrupts mapping to physical pins 


RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x23) INTI2,MAP 
Bit 
pResetVaue OO 
step_int2 
pRead/Write |RW RW 

a 


Reset Value a 


RW 


actch_intl tap_intl step_intl 


step_ inti: step detector interrupt is mapped to INT1 
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tap_int1: tap sensing interrupt is mapped to INT1 

actch_int1: activity changed interrupt is mapped to INT1 

step_int2: step detector interrupt is mapped to INT2 

tap_int2: tap sensing interrupt is mapped to INT2 


actch_int2: activity changed interrupt is mapped to INT2 


Register (0x24) INT12_10_CTRL 


DESCRIPTION: the register contains physical behaviour of interrupt pins configurations 
RESET: 0x22 
DEFINITION (Go to register map): 


[Name | Register (0x24) INTI2JO_CTRL 
Bit 
$$$ 


int2_Iv 
Read Wie rye [rw few [a 
ResetValue [OO 
intl _Iv 


int1_ lvl: INT1 pin output level 


imtdivi | 
interrupt pin INT1 low-active 
interrupt pin INT1 high-active 


inti_od: INT1 pin output driver mode: CMOS or open drain 


inttod | fe 
Push-pull | CMOS push-pull drive characteristic 
0x01 Jopendrain} 


int2_ lvl: INT2 pin output level 


interrupt pin INT2 low-active 
interrupt pin INT2 high-active 


int2_ od: INT2 pin output driver mode: see interrupt physical behaviour 

















Push-pull | CMOS push-pull drive characteristic 
0x01 Jopendrain} 
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Register (0x26) FIFO_CONFIGO 


DESCRIPTION: the registers contain the FIFO control and FIFO configuration settings 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x26) FIFO_CONFIGO 
Bit 
$$$ 


fifo_Bbit_en 
Read Wie 
ResetValue {OF 
fifo_data_src fifo_stop_on_full auto_flush 


auto_ flush: auto flush FIFO when changing power-mode 


no FIFO flush on changing power mode 
fifo-flush | FIFO flush on changing power mode 


fifo_stop_on_full: FIFO writing - stream mode / FIFO full mode 


fifo_stop_on_full | 
overwrite oldest FIFO data when FIFO full 
fifo-stop-on-full | stop writing into FIFO when full 


fifo_time_en: Enable sending of sensortime frame when reading burst from FIFO and the FIFO runs 
empty 


fifo_time_en | 
Disable sensortime in FIFO 
Enable sensortime in FIFO 


fifo_data_src: acceleration data source for storing into FIFO 


fifo_data_src | | 
acc_filtl | store data from acc_filt1 (variable data rate) in FIFO 
acc_filt2 | store data from acc_filt2 (100Hz data rate) in FIFO 


fifo 8bit_en: | enables 8 bit FIFO mode 
fifosbiten| | 


fifo_x_en: x-channel data storage control 




















do not store x axis data 
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fifo_y_en: y-channel data storage control 


fifoyen{ | 


do not store y axis data 
store y axis data 


fifo_zZ_en: z-channel data storage control 


fifozen| | 








Register (0x27) FIFO_CONFIG1 

DESCRIPTION: the registers contain the FIFO control and FIFO configuration settings 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x27) FIFO_CONFIGA 
Bit 
pResetValue JO 
Bit af 
pResetValue JO 


fifo_watermark_7_0: LSB of FIFO watermark threshold configuration: 
watermark[byte]= fifo _watermark_7 0 + 256*fifo_watermark_10 8 





Register (0x28) FIFO_CONFIG2 


DESCRIPTION: the registers contain the FIFO control and FIFO configuration settings 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x28) FIFO_CONFIG2 
Bit 
pResetVaue JOO 

preserved 


reserved 
Bit af 
pResetVaue JO 





fifo_watermark_10_ 8: MSB of FIFO watermark threshold configuration 
watermark[byte]= fifo _watermark_7_ 0 + 256*fifo_watermark_10 8 
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Register (0x29) FIFO_PWR_CONFIG 


DESCRIPTION: the registers contain the FIFO read power circuit settings, saves 100nA when set 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x29) FIFO_PWR_CONFIG | 
Bit 
/ResetValue JOO 

preserved 


reserved 
Bit af 
pResetValue JO 


fifo_read_disable: manual disable for the FIFO read power circuit when set HIGH 





Register (0Ox2A) AUTOLOWPOW_0 


DESCRIPTION: the registers contain configurations for auto-low-power condition 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x2) AUTOLOWPOW_00 
Bit 
pResetValue JO 


Content 
Bit a 
pResetVaue JOO 





auto_lp_timeout_thres 11 4: MSB of auto-low-power timeout threshold 
temp = auto_lp_timeout_thres 3_0+16*auto Ip timeout_thres 11 4 
timeout= temp*2.5ms 
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Register (0x2B) AUTOLOWPOW_1 


DESCRIPTION: the registers contain configurations for auto-low-power condition 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x2B) AUTOLOWPOW_4 
Bit 
pResetValue OO 

pauto_Iptimeout_thres 3.000 


auto_Ip_timeout_thres_3_0 
Bit 
/ResetValue  |O JO 


drdy_lowpow_trig: data ready as source for auto-low-power condition 


drdy lowpow_trig | | 
no triggering of low-power 
trig-newdata | new data ready triggers going into low-power 


geni_int: generic interrupt 1 as source for auto-low-power condition 


pgentint | fe 
no triggering of low-power 
trig-genl | generic interrupt 1 triggers going into low-power 


auto_lp_ timeout: auto-low-power timeout as source for auto-low-power condition 


auto_Ip_timeout | 
auto_lp_timeout_0 | Low-power timeout disabled 


0x01 auto_lp_timeout_1 | Low-power timeout active, device shall switch into low 
power mode as soon timeout counter is expired 











0x02 auto_lp_timeout_2 | Low-power timeout active, as 0x01, but timeout counter 
resets if gen2_intis asserted 


auto_Ip_timeout_3 





auto_lp_timeout_thres 3_0: LSB of auto-low-power timeout threshold 
temp = auto_lp_timeout_thres 3_0+16*auto Ip timeout_thres 11 4 
timeout= temp*2.5ms 
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Register (0Ox2C) AUTOWAKEUP_0 


DESCRIPTION: the register contains configurations for auto-wake-up condition. 
The auto-wake-up condition is evaluated as soon as the sensor changes into low 
power mode 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name___| Register (0x2C) AUTOWAKEUP_O 
Bit 
pResetValue JO 

|wakeup_timeout_thres 11.4 0 


wakeup_timeout_thres_ 11 4 
Bit 
/ResetValue JOJO 


wakeup_timeout_thres_ 11 4: MSB of wake-up timeout threshold 
temp= wakeup_timeout_thres_ 3 0 + 16*wakeup_timeout_thres 11 4 
timeout=temp=2.5ms 





Register (0x2D) AUTOWAKEUP_1 
DESCRIPTION: the register contains configurations for auto-wake-up condition. 
The auto-wake-up condition is evaluated as soon as the sensor changes into low 
power mode 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x2D) AUTOWAKEUP_4 0 
Bit 
pResetVae JO 
Bit a 
pResetValue OO 


wkup_ int: wake-up interrupt as source for auto-wake-up condition 


not use wake-up interrupt for auto-wake-up 
use wake-up interrupt for auto-wake-up 


wkup_timeout: wake-up timeout as source for auto-wake-up condition 


wkup_timeout || 








timer not used for auto-wake-up 
timer triggers auto-wake-up 
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wakeup_timeout_thres 3 0: LSB of wake-up timeout threshold 
temp= wakeup_timeout_thres 3 0 + 16*wakeup_timeout_thres 11 4 
timeout=temp*2.5ms 


Register (0x2F) WKUP_INT_CONFIGO 


DESCRIPTION: the registers contain configurations for wake-up interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x2F) WKUP_INT_CONFIGO 
Bit 
$$). 


mT 
ResetValue [OO 


wkup_refu: wake-up interrupt reference update mode 


manual update (reference registers are updated by external MCU) 
one time automated update before going into low power mode 
every time after data conversion 


num_of_samples: number of data samples used for interrupt condition evaluation, allowed range 
0...7 (number of samples(real) = num_of_samples(set) + 1) 








disabled 
wakeup function evaluates x axis 


wkup_y_en: enable wake-up interrupt for y channel 


disabled 
wakeup function evaluates y axis 





disabled 
wakeup function evaluates z axis 
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Register (0x30) WKUP_INT_CONFIG1 


DESCRIPTION: the register contains configurations for wake-up interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x30) WKUP_INT_CONFIGA 
Bit 
pResetValue JO 

Fintwkupthres 


PEE 

Bit 
/ResetValue JOJO 
int_wkup_thres 


int_wkup_thres: interrupt threshold 
The value is range sensitive, unsigned and defines the threshold for activity 
which must be present to cause a wake-up. The physical value of LSB 
corresponds to 2“(2+acc_range)/256, here acc_range = 0, 1, 2, 3 corresponds 
to +/-2g, +/-4g, +/-8g, +/-16g. 





Register (0x31) WKUP_INT_CONFIG2 


DESCRIPTION: the register contains configurations for wake-up interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x31) WKUP_INT_CONFIG2 
Bit 
pResetVaue JO 

intwkup_refe 


ee 


int_wkup_refx 
Read/Write 


Reset Value OO 


int_wkup_refx 


int_wkup_refx: reference acceleration x-axis for the wake-up interrupt. The value is range sensitive 
and a signed integer, either provided by the host (wkup_refu=0) or automatically the 
wake-up interrupt calculates abs(acc_x/y/z-int_wkup_refx/y/z*16)>int_wkup_thres*16 
to determine whether activity is sufficiently high on the x/y/z-axis to cause wake-up 
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Register (0x32) WKUP_INT_CONFIG3 


DESCRIPTION: the register contains configurations for wake-up interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x32) WKUP_INT_CONFIGS 
Bit 
pResetValue JO 

intwkuprefy 


int_wkup_refy 
int_wkup_refy 


int_wkup_refy: reference acceleration y-axis for the wake-up interrupt. The value is range sensitive 
and a signed integer, either provided by the host (wkup_refu=0) or automatically the 
wake-up interrupt calculates abs(acc_x/y/z-int_wkup_refx/y/z*16)>int_wkup_thres*16 
to determine whether activity is sufficiently high on the x/y/z-axis to cause wake-up 





Register (0x33) WKUP_INT_CONFIG4 


DESCRIPTION: the register contains configurations for wake-up interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name____| Register (0x33) WKUP_INT_CONFIG4 
Bit 
pResetVaue JO 

pintwkuprefe 


ee 


int_wkup_refz 
Read/Write 


Reset Value OO 


int_wkup_refz 


int_wkup_refz: reference acceleration z-axis for the wake-up interrupt. The value is range sensitive 
and a signed integer, either provided by the host (wkup_refu=0) or automatically the 
wake-up interrupt calculates abs(acc_x/y/z-int_wkup_refx/y/z*16)>int_wkup_thres*16 
to determine whether activity is sufficiently high on the x/y/z-axis to cause wake-up 
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Register (0x35) ORIENTCH_CONFIGO 


DESCRIPTION: the registers contain configurations for orientation changed interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name ___| Register (0x35) ORIENTCH_CONFIGO 
Bit 
$:. $$ 


nr 
ResetValue [OO 
stability_mode 


stability_ mode: stability mode for new orientation 


stability mode || 


orient_refu: reference update mode for orientation changed interrupt 


0x00 manual manual update (reference registers are updated by serial interface 
command) 


one time automated update using acc_filt2 data 
one time automated update using acc_filt_lp data 


orient_data_src: data source selection for orientation changed interrupt evaluation 


orient_data_src | [0 











filt2 | data source is acc_filt2 
filt_Ip | data source is acc_filt_Ip 





orient_x_en: — enable orientation changed interrupt for x-axis: 0-not active;1-active 
orient_y_en: — enable orientation changed interrupt for y-axis: 0-not active;1-active 
orient_z_en: — enable orientation changed interrupt for z-axis: 0-not active;1-active 
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Register (0x36) ORIENTCH_CONFIG1 


DESCRIPTION: the registers contain configurations for orientation change interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x36) ORIENTCH_CONFIGA 
Bit 
pResetValue JO 

porient_thres 


orient_thres 
/ResetValue  |O 
orient_thres 


orient_thres: — threshold configuration for orientation changed interrupt 8mg/lsb resolution 





Register (0x37) ORIENTCH_CONFIG2 


DESCRIPTION: the registers contain configurations for orientation changed interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name____| Register (0x37) ORIENTCH_CONFIG2 
Bit 
pResetValue JO 


Content 
Bit a 
pResetVaue JO 





stability thres: stability threshold used for the stability evaluation of the new orientation 8mg/Isb 
resolution 
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Register (0x38) ORIENTCH_CONFIG3 


DESCRIPTION: the registers contain configurations for orientation changed interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name ___| Register (0x38) ORIENTCH_CONFIGS 
Bit 
pResetValue JO 

porientdur 


orient_dur 
/ResetValue  |O 
orient_dur 


orient_dur: duration for (stable) new orientation before interrupt is triggered 
duration is a multiple of the number of data samples processed (ODR=100HZ) from 
the selected filter 





Register (0x39) ORIENTCH_CONFIG4 


DESCRIPTION: the register contains configurations for orientation change interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name ___| Register (0x39) ORIENTCH_CONFIGG 
Bit 
pResetVaue JO 


/ResetValue [0 
int_orient_refx_7_0 





int_orient_refx_7_0: LSB of x-axis reference for orientation change evaluation 
the value is a signed integer, either provided by the host (orient_refu=0) or 
automatically the interrupt calculates 
abs(acc_x/y/z-int_orientch_refx/y/z)>orient_thres to determine whether activity 
is sufficiently high on the x/y/z-axis to cause an interrupt trigger 
int_orientch_refx = int_orient_refx_7_0 + 256*int_orient_refx_11 8 
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Register (0Ox3A) ORIENTCH_CONFIG5 


DESCRIPTION: the register contains configurations for orientation changed interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x3A) ORIENTCH_CONFIGS 
Bit 
/ResetValue JOO 

preserved 


reserved 
/ResetValue  |O 
int_orient_refx_11_8 


int_orient_refx_11_8: MSB of x-axis reference for orientation change evaluation. The value is range 
sensitive 





Register (0x3B) ORIENTCH_CONFIG6 


DESCRIPTION: the register contains configurations for orientation change interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x3B) ORIENTCH_CONFIGG 
Bit 
pResetValue [OO 

intorientrefy. 7.00 


ee ee 


int_orient_refy_7_0 
Read/Write 


Reset Value CO 


int_orient_refy_7_0 


int_orient_refy_7_0: LSB of y-axis reference for orientation change evaluation 
The value is range sensitive and a signed integer, either provided by the host 
(orient_refu=0) or automatically the interrupt calculates 
abs(acc_x/y/z-int_orientch_refx/y/z)>orient_thres to determine 
whether activity is sufficiently high on the x/y/z-axis to cause an interrupt 
trigger int_orientch_refy = int_orient_refy_7_0 + 256*int_orient_refy_11 8 
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Register (0Ox3C) ORIENTCH_CONFIG7 


DESCRIPTION: the register contains configurations for orientation changed interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name ___| Register (0x3C) ORIENTCH_CONFIG7 
Bit 
/ResetValue JOO 

preserved 


reserved 
/ResetValue  |O 
int_orient_refy_11_8 


int_orient_refy_11_ 8: MSB of y-axis reference for orientation change evaluation 





Register (0x3D) ORIENTCH_CONFIG8 


DESCRIPTION: the registers contain configurations for orientation changed interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x3D) ORIENTCH_CONFIGS 
Bit 
pResetValue JO 


Content 
Bit a 
pResetVaue JO 





int_orient_refz_7_0: LSB of z-axis reference for orientation change evaluation 
The value is range sensitive and a signed integer, either provided by the host 
(orient_refu=0) or automatically the interrupt calculates 
abs(acc_x/y/z-int_orientch_refx/y/z)>orient_thres to determine 
whether activity is sufficiently high on the x/y/z-axis to cause an interrupt 
trigger int_orientch_refz = int_orient_refz_7_0 + 256*int_orient_refz_11 8 
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Register (0x3E) ORIENTCH_CONFIG9 


DESCRIPTION: the registers contain configurations for orientation changed interrupt 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x3E) ORIENTCH_CONFIGS 
Bit 
/ResetValue JOO 

preserved 


reserved 
/ResetValue  |O 
int_orient_refz_11_8 


int_orient_refz_11_ 8: MSB of z-axis reference for orientation change evaluation 





Register (0x3F) GENLINT_CONFIGO 

DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x3F)GENAINT_CONFIGO 
Bit 
pResetValue JO 
Content 
Bit a 
pResetVae JO 


genl1_act_hyst: hysteresis configuration for interrupt evaluation 
[geniacthyst}| | 


genl_act_refu: reference update mode for evaluation 


geni_act_refu |p 


0x00 manual manual update (reference registers are updated by a serial 
interface command) 








one time automated update by the selected data source 
every time automated update by the selected data source 
everytime_lIp | every time automated update by acc_filt_lIp 
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geni_data_src: data source selection for interrupts evaluation 


geni_datasrc| | 


filtl | data source is acc_filt1 
filt2 | data source is acc_filt2 





genl_act_x_en: x-axis channel control for interrupt evaluation: 'O'- not active; '1'- active 
genl_act_y_en: y-axis channel control for interrupt evaluation: 'O'- not active; '1'- active 
geni_act_z_en: Z-axis channel control for interrupt evaluation: 'O'- not active; '1'- active 


Register (0x40) GEN1INT_CONFIG1 

DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x40) GEN1INT_CONFIG) 
Bit 
pResetValue JO 
Bit a 
pResetValue JO 


genl_comb sel: Select logical combination for creating the interrupt signal from the individual 
axes that have been enabled 


gent_comb_sel| | 
}ox00=8—<it*é‘x ORC OR combination of x/y/z axis evaluation results 
AND combination of x/y/z axis evaluation results 


geni1_criterion_sel: Select criterion for threshold comparison 


geni_criterion_sel | || [| 








acceleration below threshold: inactivity detection 
acceleration above threshold: activity detection 
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Register (0x41) GEN1INT_CONFIG2 


DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x41) GEN1INT_CONFIG2 
Bit 
pResetValue JO 

pgendintthres 


geni_int_thres 
Bit 
/ResetValue JOJO 
geni_int_thres 


geni_int_thres: threshold configuration for detection: 8 mg/Isb 
unsigned integer 





Register (0x42) GENLINT_CONFIG3 


DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x42) GEN1INT_CONFIG3 
Bit 
pResetValue JOO 


Bit a 
pResetValue JO 





genl_int_dur_15 8: — duration for which the condition has to persist until interrupt can be triggered 
duration is measured in data samples of selected data source 
genl_int_dur= 256*gen1_int_dur_15 8+ geni_int_dur_7_0 
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Register (0x43) GENLINT_CONFIG31 


DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x43) GEN1INT_CONFIG3A 
Bit 
pResetValue JO 

pgendintdu7O 


geni_int_dur_7_0 
Bit 
/ResetValue JOJO 
genli_int_dur_7_0 


genl_int_dur_7_0: duration for which the condition has to persist until interrupt can be triggered 
duration is measured in data samples of selected data source 
geni_int_dur= 256*gen1_int_dur_15 8+ gen1_int_dur_7_0 





Register (0x44) GEN1INT_CONFIG4 


DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x44) GEN1INT_CONFIGG 
Bit 
pResetVae OO 


Content 
Bit a 
pResetVaue JO 





geni_int_th_refx_7_0: LSB of reference x-axis value for evaluation. The value is range sensitive. 
geni_int_refx = geni_int_th_refx_7_0 + 256*geni1_int_th_refx_11 8 
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Register (0x45) GEN1INT_CONFIG5 


DESCRIPTION: the register contains configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x45) GEN1INT_CONFIGS 
Bit 
/ResetValue JOO 

preserved 


reserved 
Bit a 
fResetValue JO 


geni_int_th_refx_11_8: MSB of reference x-axis value for evaluation. The value is range sensitive. 
geni_int_refx = geni_int_th_refx_7_0 + 256*geni_int_th_refx_11 8 





Register (0x46) GENLINT_CONFIG6 


DESCRIPTION: the register contains configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x46) GEN1INT_CONFIG6 
Bit 
pResetValue [OO 


gent in th refy 750 
read 
ResetValue [OO 
gen1_int_th_refy_7_0 





geni_int_th_refy_7_0: LSB of reference y-axis value for evaluation. The value is range sensitive. 
geni_int_refy = geni_int_th_refy_7_0 + 256*geni_int_th_refy_11 8 
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Register (0x47) GEN1INT_CONFIG7 


DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x47) GEN1INT_CONFIGZ 
Bit 
/ResetValue JOO 

preserved 


reserved 
Bit a 
pResetValue JO 


geni_int_th_refy_11 8: MSB of reference y-axis value for evaluation. The value is range sensitive. 
geni_int_refy = geni_int_th_refy_7_0 + 256*geni_int_th_refx_11 8 





Register (0x48) GENLINT_CONFIG8 


DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x48) GEN1INT_CONFIG8 
Bit 
pResetValue JOO 


a int_th_retz_7_0 
reaiiine 
ResetValue JOJO 
gen1_int_th_retz_7_0 





genl_int_th_refz_7_0: LSB of reference z-axis value for evaluation. The value is range sensitive. 
geni_int_refz = geni_int_th_refz_7_ 0+ 256*geni_int_th_refz_11 8 
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Register (0x49) GEN1INT_CONFIG9 


DESCRIPTION: the registers contain configurations for generic interrupt 1 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x49) GEN1INT_CONFIGS 
Bit 
pResetValue JO 

preserved 


reserved 
Bit a 
pResetValue JO 


genl_int_th_refz_11 8: MSB of reference z-axis value for evaluation. The value is range sensitive. 
geni_int_refz = geni_int_th_refz_7_ 0+ 256*geni_int_th_refz_11 8 





Register (0x4A) GEN2INT_CONFIGO 

DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x4A)GEN2INT_CONFIGO 
Bit 
pResetValue JO) 
pet 
pResetValue JO 


gen2_act_hyst: hysteresis configuration for interrupt evaluation 
igen2_acthyst}| | 


gen2_act_refu: reference update mode for evaluation 


gen2_act_refu | PO 


0x00 manual manual update (reference registers are updated by serial interface 
command) 








one time automated update by the selected data source 
every time automated update by the selected data source 
everytime_lIp | every time automated update by acc_filt_Ip 
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gen2_data_src: data source selection for interrupts evaluation 


gen2_dataisrc| | 


filtl | data source is acc_filt1 
filt2 | data source is acc_filt2 





gen2_act_X_en: x-axis Channel control for interrupt evaluation: 0 - not active; 1 - active 
gen2_act_y_en: y-axis channel control for interrupt evaluation: 0 - not active; 1 - active 
gen2_act_z_en: z-axis channel control for interrupt evaluation: 0 - not active; 1 - active 


Register (0x4B) GEN2INT_CONFIG1 

DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x4B) GEN2INT_CONFIG) 
Bit 
pResetValue JO 
Bit a 
pResetValue JO 


gen2_comb _ sel: Select logical combination for creating the interrupt signal from the individual 4 
axes that have been enabled 


gen2_comb_sel| | 
}ox00 =8=—<t*é‘x ORC OR combination of x/y/z axis evaluation results 
AND combination of x/y/z axis evaluation results 


gen2_criterion_sel: Select criterion for threshold comparison 


gen2_criterion_sel | | 








acceleration below threshold: inactivity detection 
acceleration above threshold: activity detection 
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Register (0x4C) GEN2INT_CONFIG2 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x4C) GEN2INT_CONFIG2 
Bit 
pResetValue JO 

pgen2intthres 


gen2_int_thres 
Bit 
/ResetValue JOJO 
gen2_int_thres 


gen2_int_thres: threshold configuration for interrupt detection: 8 mg/LSB 
unsigned integer 





Register (0x4D) GEN2INT_CONFIG3 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x4D) GEN2INT_CONFIG3 
Bit 
pResetValue [OO 


Bit a 
pResetValue JO 





gen2_int_dur_15 8: — duration for which the condition has to persist until interrupt can be triggered 
duration is measured in data samples of selected data source 
gen2_int_dur= 256*gen2_int_dur_15 8+ gen2_int_dur_7_0 
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Register (0x4E) GEN2INT_CONFIG31 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x4E) GEN2INT_CONFIG31_ 
Bit 
pResetValue JO 

pgen2intdu 70 


gen2_int_dur_7_0 
Bit 
/ResetValue JOJO 
gen2_int_dur_7_0 


gen2_int_dur_7_0: duration for which the condition has to persist until interrupt can be triggered 
duration is measured in data samples of selected data source 
gen2_int_dur= 256*gen2_int_dur_15 8+ gen2_int_dur_7_0 





Register (0x4F) GEN2INT_CONFIG4 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x4F)GEN2INT_CONFIGG 
Bit 
pResetVaue JO 


Content 
Bit a 
pResetVaue JO 





gen2_int_th_refx_7_0: LSB of reference x-axis value for evaluation. The value is range sensitive. 
gen2_int_refx = gen2_int_th_refx_7_0 + 256*gen2_int_th_refx_11 8 
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Register (0x50) GEN2INT_CONFIG5 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x50) GEN2INT_CONFIGS 
Bit 
/ResetValue JOO 

preserved 


reserved 
Bit a 
pResetValue JO 


gen2_int_th_refx_11 8: MSB of reference x-axis value for evaluation. The value is range sensitive. 
gen2_int_refx = gen2_int_th_refx_7_0 + 256*gen2_int_th_refx_11 8 





Register (0x51) GEN2INT_CONFIG6 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x51) GEN2INT_CONFIG6 
Bit 
pResetValue JOO 


Bit af 
pResetValue JO 





gen2_int_th_refy_7_0: LSB of reference y-axis value for evaluation. The value is range sensitive. 
gen2_int_refy = gen2_int_th_refy_7 0+ 256*gen2_ int_th_refy_11 8 
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Register (0x52) GEN2INT_CONFIG7 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x52) GEN2INT_CONFIGZ 
Bit 
/ResetValue JOO 

preserved 


reserved 
Bit a 
/ResetValue JO 


gen2_int_th_refy_11 8: MSB of reference y-axis value for evaluation. The value is range sensitive. 
gen2_int_refy = gen2_int_th_refy_7 0+ 256*gen2 _ int_th_refy_11 8 





Register (0x53) GEN2INT_CONFIG8 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x53) GEN2INT_CONFIGR 
Bit 
pResetValue [OO 


Bit a 
pResetValue OO 





gen2_int_th_refz_7_0: LSB of reference z-axis value for evaluation. The value is range sensitive. 
gen2_int_refz = gen2_int_th_refz_7 0+ 256*gen2_ int_th_refz_11 8 
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Register (0x54) GEN2INT_CONFIG9 


DESCRIPTION: the registers contain configurations for generic interrupt 2 evaluation 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x54) GEN2INT_CONFIGS 
Bit 
/ResetValue JOO 

preserved 


reserved 
Bit a 
pResetValue JO 


gen2_int_th_refz_11 8: MSB of reference z-axis value for evaluation. The value is range sensitive. 
gen2_int_refz = gen2_int_th_refz_7 0+ 256*gen2 _ int_th_refz_11 8 





Register (0x55) ACTCH_CONFIGO 


DESCRIPTION: Activity changed interrupt configuration registers 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name __| Register (0x55) ACTCH_CONFIGO 
Bit 
/ResetVaue [oO 
actch_thres 





actch_thres 


actch_thres: — threshold configuration for activity changed interrupt: 8mg/g resolution 
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Register (0x56) ACTCH_CONFIG1 


DESCRIPTION: Activity changed interrupt configuration registers 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x56) ACTCH_CONFIGA 
Bit 
pResetValue JO 


Content 
Bit a 
pResetValue JO 


actch_npts: number of points for evaluation of the activity: 32, 64, 128, 256, 512 
lactch_npts| | 
|0x05-0x0F | | reserved _ 


actch_data_src: data source 


actch_datacsrc| 
actch_use_acc_filt1 ie 
actch_use_acc_filt2 | 


actch_x_en: _ activity changed evaluation for x-axis enabled: '0'- not active; '1'- active 
actch_y_en: _ activity changed evaluation for y-axis enabled: '0'- not active; '1'- active 
actch_z_en: _ activity changed evaluation for z-axis enabled: '0'- not active; '1'- active 











Register (0x57) TAP_CONFIG 


DESCRIPTION: tap interrupt configuration registers 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x57) TAP_CONFIG 
Bit 
pResetValue JO 


Bit a 
pResetVaue JO 
tap_sensitivity 
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tap_sensitivity: sensitivity of the tap algorithm 
0: highest sensitivity 
7: lowest sensitivity 
possible values range from 0 to 7 for a monotonic decrease of sensitivity with 
every setting 


sel_axis: Modifies the selection of the data provided to the algorithm 


rselaxis{ | 0 





Register (0x58) TAP_CONFIG1 
DESCRIPTION: tap interrupt configuration registers 
RESET: 0x06 

DEFINITION (Go to register map): 


[Name | Register (0x58) TAP_CONFIGA 
Bit 
pResetValue JO 
Bit a 
pResetValue [Oa 


tics_ th: Maximum time between upper and lower peak of a tap, in data samples 
this time depends on the mechanics of the device tapped onto 
default = 12 samples 


ttics_th 
0x00 | 6_| 6 data samples for high-low tap signal change time _ 
|0x01_|9 | 9 data samples for high-low tap signal change time __ 


quiet: Minimum quiet time before and after double tap, in data samples 
This time also defines the longest time interval between two taps so that 
they are considered as double tap 


0x00 | 60 | 60 data samples quiet tie between single or doube taps 








0x01 | 80 | 80 data samples quiet tie between single or doube taps 
100 data samples quiet tie between single or doube taps 
120 data samples quiet tie between single or doube taps 
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quiet_dt: Minimum time between the two taps of a double tap, in data samples 


-oxoo =| 4 4 data samples minimum time between double taps 


-Oxo1 =. 8 8 datasamples minimum time between double taps 
12 data samples minimum time between double taps 
16 data samples minimum time between double taps 





Register (0x7C) IF_CONF 
DESCRIPTION: Serial interface settings 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name Register (0x7C) IF_CONF 
Bit 
pResetValue JO 
Bit af 
pResetValue JO 


Seinen 
SPI 3-wire mode 





Register (0x7D) SELF_TEST 


DESCRIPTION: Settings for the sensor self-test configuration and trigger 
RESET: 0x00 
DEFINITION (Go to register map): 


[Name | Register (0x7D) SELF_TEST 
Bit 
pResetVaue JO 


Bt Sa 
Read/Write 
Reset Value 


acc_self_test_sign | acc_self_test_en_ | acc_self_test_en_ | acc_self test_en_ 
Z y x 
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acc_self test_en_x: _ trigger self test for X axis 


acc_self_test_en.x| | 


disabled | disabled 


acc_self test_en_y: _ trigger self test for Y axis 


pacc_self_test_en_y| | 


acc_self test_en_z: _ trigger self test for Z axis 


pacc_self_test_enz| | 


acc_self_test_sign: select sign of self-test excitation 


acc_self_test_sign| | 














Register (0x7E) CMD 
DESCRIPTION: Command Register 
RESET: 0x00 

DEFINITION (Go to register map): 


[Name | Register (0x7E)CMD 
Bit 
pResetVaue JO 
[Content fem 
Bit 
pResetVaue OO 


cmd: Available commands (Note: Register will always read as 0x00): 


/0x00| nop | reserved. Nocommand, 


OxbO | fifo_flush Clears all data in the FIFO, does not change FIFO_CONFIG and 
FIFO. DOWNS registers 





step_cnt_clear | Clears the value of the step counter to 0 


Oxb6 | softreset Triggers a reset, all user configuration settings are overwritten with their 
default state 
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The device supports a command set to trigger certain activities and state transitions of the 
device. The command interpreter is connected to register cmd. A command is invoked if the 
corresponding Opcode is written to the cmd register. 


Writing an undefined command to register cmd has no effect and ERR_REG.cmd_err=’0’ in 
this case. 


The device implements a simple handshaking mechanism to signal its readiness for accepting 
a new command. Prior to writing a new command to the cmd register the user must read the 
status bit STATUS.cmd_rdy: 


cmd_rdy = ’1’: device is ready to accept a command 


cmd_rdy = ’0’: acommand is being executed, any new command is ignored 


cmd_erris set to ‘1’ when command execution failed. cmd_err is reset to ‘0’ if the last command 
execution was successful. This is a clear-on-read bit. 


After the softreset command has been invoked, status and error register are updated after 
Tst_up. 
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6. Digital Interfaces 
6.1. Interface 


By default, the BMA400 operates in 12C mode. The BMA400 interface can also be configured to 
operate in a SPI 4-wire configuration. It can also be re-configured by software to work in 3-wire mode 
instead of 4-wire mode. 

All three possible digital interfaces share partly the same pins. The mapping for the primary interface 
of the BMA400 is given in the following table: 


Pin# Name I/O Type Description Connect to (Primary IF) 
inSPIAW  inSPISW — inl2C 
1 SDO Digital /O Serial data output in SPI SDO DNC (float) GND for 
Address select in I2C mode default 
see chapter 7.2 I2C addr. 
2 SDX Digital I/O SDA serial data I/O in PC SDI SDA SDA 


SDI serial data input in SP] 4W 
SDA serial data I/O in SPI 3W 


5 INT1 Digital //O Interrupt output 1 (default) INT1 INT1 INT1 
6 INT2 Digital I/O Interrupt output 2 (default) INT2 INT2 INT2 
10 CSB Digital in Chip select for SP! mode CSB CSB Vppio 
12 SCX Digital in SCK for SPI serial clock SCK SCK SCL 


SCL for I2C serial clock 
* If INT1 and/or INT2 are not used, please do not connect them (DNC). 


The following table shows the electrical specifications of the interface pins: 


Parameter Symbol Condition Min Typ Max Units 
Pull-up Resistance, CSB Rup Internal Pull-up 120 kQ 
pin Resistance to VDDIO 
I2C Bus Load Ci2c_Load 400 pF 
Capacitance (max. drive 
capability) 
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6.2. Interface 12C/SPI Protocol Selection 


The protocol is automatically selected based on the chip select CSB pin behavior after power-up. 

At reset / power-up, BMA400 is in 12C mode. If CSB is connected to VDDIO during power-up and not 
changed the sensor interface works in 12C mode. For using |2C, it is recommended to hard-wire the 
CSB line to VDDIO. Since power-on-reset is only executed when both VDD and VDDIO are 
established, there is no risk of incorrect protocol detection due to power-up sequence. 

If CSB sees a rising edge after power-up, the BMA400 interface switches to SPI until a reset or the 
next power-up occurs. Therefore, a CSB rising edge is needed before starting the SP! communication. 
Hence, it is mandatory to perform a SPI single read of e.g. register CHIP_ID (the obtained value will 
be invalid) before the actual communication start, in order to use the SPI interface. 


6.3. SPI interface and protocol 


The timing specification for SPI of the BMA400 is given in the following table: 
Following SPI timing table, valid at Vopio = 1.71V 


Parameter Symbol Condition Min Max Units 
Clock Frequency fsPi Max. Load on SDI 17 MHz 
or SDO = 25pF, 
Vopio 21.71 V 
Vpopio < 1.71V vi MHz 
SCK Low Pulse tscKL 20 ns 
SCK High Pulse tscKH 20 ns 
SDI Setup Time tsbDI_setup 20 ns 
SDI Hold Time tspI_hold 20 ns 
SDO Output Delay tsD0_oD Load = 25pF, Voppio 30 ns 
>1.71V 
CSB Setup Time tcsB_setup 20 ns 
For first 
SPI 50 
transaction 
after reset 
(due to 
interface 
changed 
from I2C to 
SPI mode) 
CSB Hold Time tcsB_hold 20 ns 
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The following figure shows the definition of the SPI timings: 


tcs B_setup tcs B_hold 


| E 
ee ace 
Loo 


tscx. tsckH 


ts DI_ setup ts DI_ hold 
ci 


tspo_oD 





SPI timing diagram 


The SPI interface of the BMA400 is compatible with two modes, ‘00° [CPOL = ‘0’ and CPHA = ‘0] 
and ‘11° [CPOL = ‘1’ and CPHA = ‘1’]. The automatic selection between ‘00’ and ‘11’ is controlled 
based on the value of SCK after a falling edge of CSB. 


Two configurations of the SPI interface are supported by the BMA400: 4-wire and 3-wire. The same 
protocol is used by both configurations. The device operates in 4-wire configuration by default. It can 
be switched to 3-wire configuration by writing IF_CONF.spi3 = 0b1. Pin SDI is used as the common 
data pin in 3-wire configuration. 

For single byte read as well as write operations, 8-bit protocols are used. The BMA400 also supports 
multiple-byte read and write operations. 


In SPI 4-wire configuration CSB (chip select low active), SCK (serial clock), SDI (Serial data input), 
and SDO (serial data output) pins are used. The communication starts when the CSB is pulled low by 
the SPI master and stops when CSB is pulled high. SCK is also controlled by SPI master. SDI and 
SDO are driven at the falling edge of SCK and should be captured at the rising edge of SCK. 

The basic write operation waveform for 4-wire configuration is depicted in the following figure. During 
the entire write cycle SDO remains in high-impedance state. 





logical R/W + register address 


4-wire basic SPI write sequence (mode ‘00’) 
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Multiple write operations are possible by keeping CSB low and continuing the data transfer. Every data 
must be preceded by R/W flag and address, there is no address auto-increment like in burst read 
mode. The principle of multiple write is shown in figure below: 





logical Data >(address k) | RW+registeraddress! | ‘Data >(address!) __—*||_address | data _| 
SPI multiple write 


The basic read operation waveform for 4-wire configuration is depicted in the figure below. Please 
note that the first byte received from the BMA400 via the SDO line correspond to a dummy byte and 
the 2™ byte correspond to the value read out of the specified register address. That means, for a basic 
read operation two bytes have to be read and the first has to be dropped and the second byte must be 
interpreted. 


ose | 
| _Hinannnnnnnn. TMA 


co PE REESEEC > 
s00 oo 2 CHeaIeaIeaIoYonfooYoor J 


logical R/W + register address Dummy ; 7 Dummy Read Data 


4-wire basic SPI read sequence (mode ‘00’) 


The data bits are used as follows: 

R/W: Read/Write bit. When 0, the data SDI is written into the chip. When 1, the data SDO from the 
chip is read. 

AD6-ADO: Register Address 

DI7-DIO: When in write mode, these are the data SDI, which will be written into the address. 
DO7-DOO: When in read mode, these are the data SDO, which are read from the address. 

Multiple read operations are possible by keeping CSB low and continuing the data transfer. Only the 
first register address has to be written. Addresses are automatically incremented after each read 
access as long as CSB stays active low. Please note that the first byte received from the BMA400 via 
the SDO line correspond to a dummy byte and the 2" byte correspond to the value read out of the 
specified register address. The successive bytes read out correspond to values of incremented 
register addresses. That means, for a multiple read operation of n bytes, n+1 bytes have to be read, 
the first has to be dropped and the successive bytes must be interpreted. When reaching address 
FIFO_DATA, auto-increment stops, and the FIFO is read bytewise. 
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In SPI 3-wire configuration CSB (chip select low active), SCK (serial clock), and SDA (serial data 
input and output) pins are used. While SCK is high, the communication starts when the CSB is pulled 
low by the SPI master and stops when CSB is pulled high. SCK is also controlled by SPI master. SDA 
is driven (when used as input of the device) at the falling edge of SCK and should be captured (when 
used as the output of the device) at the rising edge of SCK. 


The protocol as such is the same in 3-wire configuration as it is in 4-wire configuration. The basic 
operation wave-form (read or write access) for 3-wire configuration is depicted in the figure below: 


[RW AD6 AD5 AD4 AD3 AD2 AD1 ADO Di7 De DIS D4 DIS D2 DN DIO 





3-wire basic SPI read or write sequence (mode ‘11’) 
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6.4. Primary I2C Interface 


The I2C bus uses SCL (= SCx pin, serial clock) and SDA (= SDx pin, serial data input and output) 
signal lines. Both lines Must be connected to Vppio externally via pull-up resistors so that they are 
pulled high when the bus is free. 

The default I2C address of the device is b001010X . *X’ is defined by the SDO pin: if SDO pulled to 
‘GND’ X equals 0, is SDO is pulled to VDDIO, X equals 1. In 12C, the SDO level must be defined, it 
cannot be left floating. 

The |?C interface of the BMA400 is compatible with the I?C Specification UM10204 Rev. 06 (April 
2014), available at http://www.nxp.com. The BMA400 supports I2C standard mode and fast mode, 
only 7-bit address mode is supported. For Vopio = 1.2V to 1.62 V the guaranteed voltage output levels 
are slightly relaxed as described in Table 1 of the electrical specification section. 

BMA400 also supports an extended I?C mode that allows using clock frequencies up to 3.4 MHz. 
In this mode all timings of the fast mode apply and it additionally supports clock frequencies up to 


3.4MHz. 
The timing specification for |2C of the BMA400 is given in the following table: 
Parameter Symbol Condition Min Max Units 
Clock Frequency fsci 3400 kHz 
SCL Low Period tLow 1.3 
SCL High Period tHIGH 0.6 
SDA Setup Time tsuDAT 0.1 
SDA Hold Time tHDDAT 0.0 
Setup Time for a on 0.6 
repeated Start Condition ig 
Hold Time for a Start 
Condition tHDSTA 0.6 
Setup Time for a Stop 
Condition Stele oe 
Time before a new a normal mode 13 


Transmission can start 
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The figure below shows the definition of the I?C timings 


tuppaT: >: 
tHDSTA HDDAT } fun 





I2C timing diagram 


The I?C protocol works as follows: 


START: Data transmission on the bus begins with a high to low transition on the SDA line while SCL 
is held high (start condition (S) indicated by I2C bus master). Once the START signal is transferred by 
the master, the bus is considered busy. 


STOP: Each data transfer should be terminated by a Stop signal (P) generated by master. The STOP 
condition is a low to high transition on SDA line while SCL is held high. 


ACKS: Each byte of data transferred must be acknowledged. It is indicated by an acknowledge bit 
sent by the receiver. The transmitter must release the SDA line (no pull down) during the acknowledge 
pulse while the receiver must then pull the SDA line low so that it remains stable low during the high 
period of the acknowledge clock cycle. 


In the following diagrams these abbreviations are used: 


S Start 

P Stop 

ACKS Acknowledge by slave 
ACKM Acknowledge by master 
NACKM Not acknowledge by master 
RW Read / Write 


A START immediately followed by a STOP (without SCL toggling from ‘“VDDIO’ to “GND’) is not 
supported. If such a combination occurs, the STOP is not recognized by the device. 
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I?C write access: 
lI2C write access can be used to write a data byte in one sequence. 


The sequence begins with start condition generated by the master, followed by 7 bits slave address 
and a write bit (RW = 0). The slave sends an acknowledge bit (ACKS = 0) and releases the bus. Then 
the master sends the one byte register address. The slave again acknowledges the transmission and 
waits for the 8 bits of data which shall be written to the specified register address. After the slave 
acknowledges the data byte, the master generates a stop signal and terminates the writing protocol. 


Example of an I?C write access: 


Start Slave Adress —- Register address (0x41) Register data (0x01) 





| {Master -> Slave S defined 1 SDO 
| {Slave -> Master L: tie to LOW, not part of address 


Multi-byte writes are supported without restriction on normal registers. 


Start Slave Adress —- Register address (0x41) Register data (0x01) 





= Master->Slave 
Slave->Master EU PEP bh pppL tT 





I27C read access: 


l2?C read access also can be used to read one or multiple data bytes in one sequence. 

A read sequence consists of a one-byte I?C write phase followed by the I?C read phase. The two parts 
of the transmission must be separated by a repeated start condition (S). The I2C write phase 
addresses the slave and sends the register address to be read. After slave acknowledges the 
transmission, the master generates again a start condition and sends the slave address together with 
a read bit (RW = 1). Then the master releases the bus and waits for the data bytes to be read out from 
slave. After each data byte the master has to generate an acknowledge bit (ACKS = 0) to enable 
further data transfer. A NACKM (ACKS = 1) from the master stops the data being transferred from the 
slave. The slave releases the bus so that the master can generate a STOP condition and terminate 
the transmission. 

The register address is automatically incremented and, therefore, more than one byte can be 
sequentially read out. Once a new data read transmission starts, the start address will be set to the 
register address specified since the latest I2C write command. By default the start address is set at 
0x00. In this way repetitive multi-bytes reads from the same starting address are possible. 


Start Slave Adress al Register address (0x05) 
pofottfof+fotsfof fefofofofolsfoj +] 


Stan Slave Adress 
pofojsfottfo}s} 1] Jar]as} as} cafas} aa} at} dof fa7}asfas{as]as}azfarfoof 


Master->Slave 
Slave->Master 
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7. Pin-out and Connection Diagrams 


7.1. Pin-out 
12 = 11 3612 
—-> | wif] ||] || (aoc 
Top View [| Bottom View [| 
Pads not visible! [| Pads visible! | | 
4 





Pin description 


Connect to 
Pint Name 1/O Type Description 
/0 Typ ‘i inSPI4W In SPI3W in PC 
Serial data output in SPI 
1 SDO Digital /O Address select in ?C mode SDO DNC (float) GND io Colau2e 
addr. 
see chapter 7.2 
SDA serial data I/O in I2C 
2 SDX Digital |/O SDI serial data input in SP! 4W SDI SDA SDA 
SDA serial data I/O in SPI 3W 
3 VDDIO Supply PIVEN ~~ aay Vopbio Vbpbio VbpbIo 
4 NC 
5 INT1 Digital //O Interrupt output 1 (default) INT1 INT1 INT1 
6 INT2 Digital I/O Interrupt output 2 (default) INT2 INT2 INT2 
Power supply for analog & digital 

we ste domain (1.62V ... 3.6V) “ioe woe “ioe 
8 GNDIO Ground Ground for |/O GND GND GND 
9 GND Ground Ground for digital & analog GND GND GND 
10 CSB Digital in Chip select for SP! mode CSB CSB VppI0 
11 NC 
12 SCX Digital in Bo Cf or serel lee, SCK SCK SCL 


SCL for I2C serial clock 
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7.2. Connection Diagrams 
SPI 


3-wire 


VDD 





INT1 INT2 


It is recommended to use 100nF decoupling capacitors at pin 3 (VDDIO) and pin 7 (VDD). 


4-wire 






MISO o——_SDO- 
MOs| o—SDX 

: , : Top View : 

VDDIO VDDIOH 3! AM 
:__(Pads not visible 
ae oe eee ee VDD 


GND 


INT1 INT2 


It is recommended to use 100nF decoupling capacitors at pin 3 (VDDIO) and pin 7 (VDD). 
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I2C 
SCL 
ep) 
QO) 
x< 
I2C_ID.0 = a SDO-H ne : CSB 
SDA 0 sox 2F Joi GND 
Zz penton —" 100nF 
VDDIO o VDDIOH phd GNDIO 
| vop © VDD 
= NA 
FOF 
100nF Zz Z 
GND tg 
INT1 INT2 


It is recommended to use 100nF decoupling capacitors at pin 3 (VDDIO) and pin 7 (VDD). 
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8. Package 


8.1. Package outline dimensions 


2.00 | > 8) 
PIN1 CORNER 
j i 
[ | 
S[CO7S[C|AB] (2x) (2x) 


Dur VIEW 


0.280X0.290 (4x) 


+] 0.10@|C/A]8 






(2x) [7.50] } (6x)[0.50-— 


(1.12) 


Modifications reserved | Data subject to change without notice 





116 | 126 





(0.82) ~ 
—=| 1.00 MAX |=— 


SIDE VIEW 


0.755 
| 0.25 PIN) CORNER 


0.750 


0.290x0.280 (8x) 


= 10.10@|C]A]B 
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8.2. Sensing axis orientation 


If the sensor is accelerated in the indicated directions, the corresponding channel will deliver a positive 
acceleration signal (dynamic acceleration). If the sensor is at rest and the force of gravity is acting along 
the indicated directions, the output of the corresponding channel will be negative (static acceleration). 


Example: If the sensor is at rest or at uniform motion in a gravity field according to the figure given below, 
the output signals are: 


. + Og for the X channel ; 
. + Og for the Y channel 
. + 1g for the Z channel 





The following table lists all corresponding output signals on X, Y, and Z while the sensor is at rest or at 
uniform motion in a gravity field under assumption of a +4g range setting, a 16 bit resolution, and a top 
down gravity vector as shown above. 


mundial LIE ICL) = 


Og/0LSB 1g/1024 LSB Og/OLSB_ |-1g/-1024LSB| 0g/0OLSB Og/0LSB 


-ig/-1024LSB] 0g/OLSB | 1g/1024LSB| 0g/OLSB 0g/0LSB 0g/0LSB 
0g/0LSB 0g/0LSB 0g/0LSB Og/OLSB_ | 1g/1024LSB |-1g/-1024 LSB 
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For reference the figure below shows the device orientation with an integrated BMA400. 


J 


Be BMA400 
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8.3. Landing pattern recommendation 


The recommended landing pattern for the BMA400 on customer’s PCB is given in the following figure. 
It is recommended to avoid any wiring underneath the BMA400 (shaded area). 







colder stop mask 





No vias In — 
thisare2.. 









<6 44 tt 






' 
ae 

i 
iit 
j ’ 
i ’ 


Fal 
‘I 


Landing pattern recommendation 









G 
= 7 


ll dimensions are in millimeters 
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8.4. Marking 


Marking of ‘onl oe Samples(A,C) = 


Labeling] == sName | symbol) = sR mark 
Sub-con ID | internal use only 


Eng. sample ID Identifies Engineering Samples 


‘N’ to be replaced by ‘A’,’C’, sample status 
| Sample ID NCC ‘CC’ defines lot number 
Pin 1 identifier 
top side 
Ea} Ea Pin 1 identifier Be teot 2 a : 
Triangle points in the direction of pin 1 
bottom side 


Marking of Mass Production Samples BMA400 


Supply chain ID as internal use only 
3 alphanumeric digits, variable 
Soutena to generate trace-code. 





Pin 1 identifier 
Bottom LIEIL) 
[=] top side 
view V 
a ae tcenne Triangle points in the direction of pin 1 
le]Le Ife ]Lz] bottom side 
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8.5. Soldering guidelines 


The moisture sensitivity level of the BMA400 sensors corresponds to JEDEC Level 1, see also 


- |IPC/JEDEC J-STD-020C "Joint Industry Standard: Moisture/Reflow Sensitivity Classification for 
non-hermetic Solid State Surface Mount Devices" 

- |IPC/JEDEC J-STD-033A "Joint Industry Standard: Handling, Packing, Shipping and Use of 
Moisture/Reflow Sensitive Surface Mount Devices" 


The sensor fulfils the lead-free soldering requirements of the above-mentioned IPC/JEDEC standard, 
i.e. reflow soldering with a peak temperature up to 260°C. 


sR rofile Feature Feature Pb-Free Pb Free Assembly 
Average RampUpRale =” Ramp-Up Rate 
| Tc, lo Tp) Cisecond max 


Preheat 
— Temperatura Min (TS, af 150 FC 
— Temperature Max (Ts... 2M °C 
= Tine (Sc, 1 TS ieaa! b0-180 seconds 


Time maritained above: 


— Température {T,} ATC 
- Time td Bd. 1a eaconds 


PeakiClassilication Temperatura (Tp a | 260 %C 
| Time williin 5 °C of actual Peak 
| Temperature (ip) jd arene 
| Ramp-Down Rate a Cisecond me 
Time 25 "C lo Peak Termporaiure ss Grtinutes max minutes max 


Note 1; All emperaures reer 1 dosde a ie package, measwed on the package body sumtace 





+ 
ar im 7 
| 
| 
I 
| 
| 


Temperature —> 


+“ {ts 
Preheat 


4 
+—————t 75°C to Peak 


Time —> 


IPL | 
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8.6. Handling instructions 


Micromechanical sensors are designed to sense acceleration with high accuracy even at low amplitudes 
and contain highly sensitive structures inside the sensor element. The MEMS sensor can tolerate 
mechanical shocks up to several thousand g's. However, these limits might be exceeded in conditions 
with extreme shock loads such as e.g. hammer blow on or next to the sensor, dropping of the sensor 
onto hard surfaces etc. 


We recommend to avoid g-forces beyond the specified limits during transport, handling and mounting 
of the sensors in a defined and qualified installation process. 


This device has built-in protections against high electrostatic discharges or electric fields (e.g. 2kV 
HBM); however, anti-static precautions should be taken as for any other CMOS component. Unless 
otherwise specified, proper operation can only occur when all terminal voltages are kept within the 
supply voltage range. Unused inputs must always be tied to a defined logic voltage level. 
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8.7. Environmental safety 


The BMA400 sensor meets the requirements of the EC restriction of hazardous substances (ROHS) 
directive, see also: 


Directive 2011/65/EU of the European Parliament and of the Council of 8 September 2011 on 
the restriction of the use of certain hazardous substances in electrical and electronic 
equipment. 


Halogen content 


The BMA400 is halogen-free. For more details on the corresponding analysis results please contact 
your Bosch Sensortec representative. 


Internal package structure 


Within the scope of Bosch Sensortec’s ambition to improve its products and secure the mass product 
supply, Bosch Sensortec qualifies additional sources (e.g. 2" source) for the LGA package of the 
BMA400. 


While Bosch Sensortec took care that all of the technical packages parameters are described above are 


100% identical for all sources, there can be differences in the chemical content and the internal structural 
between the different package sources. 


However, as secured by the extensive product qualification process of Bosch Sensortec, this has no 
impact to the usage or to the quality of the BMA400 product. 
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9. Legal disclaimer 
9.1. Engineering samples 


Engineering Samples are marked with an asterisk (*) or (e). Samples may vary from the valid technical 
specifications of the product series contained in this data sheet. They are therefore not intended or fit 
for resale to third parties or for use in end products. Their sole purpose is internal client testing. The 
testing of an engineering sample may in no way replace the testing of a product series. Bosch Sensortec 
assumes no liability for the use of engineering samples. The Purchaser shall indemnify Bosch Sensortec 
from all claims arising from the use of engineering samples. 


9.2. Product use 


Bosch Sensortec products are developed for the consumer goods industry. They are not designed or 
approved for use in military applications, life-support appliances, safety-critical automotive applications 
and devices or systems where malfunctions of these products can reasonably be expected to result in 
personal injury. They may only be used within the parameters of this product data sheet. 


The resale and/or use of products are at the Purchaser’s own risk and the Purchaser’s own responsibility. 


The Purchaser shall indemnify Bosch Sensortec from all third party claims arising from any product use 
not covered by the parameters of this product data sheet or not approved by Bosch Sensortec and 
reimburse Bosch Sensortec for all costs in connection with such claims. 


The Purchaser accepts the responsibility to monitor the market for the purchased products, particularly 
with regard to product safety, and inform Bosch Sensortec without delay of any safety relevant incidents. 


9.3. Application examples and hints 


With respect to any examples or hints given herein, any typical values stated herein and/or any 
information regarding the application of the device, Bosch Sensortec hereby disclaims any and all 
warranties and liabilities of any kind, including without limitation warranties of non-infringement of 
intellectual property rights or copyrights of any third party. The information given in this document shall 
in no event be regarded as a guarantee of conditions or characteristics. They are provided for illustrative 
purposes only and no evaluation regarding infringement of intellectual property rights or copyrights or 
regarding functionality, performance or error has been made. 
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10. Document history and modification 


Rev.No | Chapter Description of modification/changes Date | 


1.1 - Public release 31 July 2018 
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